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NOTICE

This report was prepared as an account of Government sponsored

work. Neither the United States, nor the National Aeronautics

and Space Administration (NASA), nor any person acting on
behalf of NASA:

A.) /_ces any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or" usefulness of the information contained in this

report, or that the use of any information, apparatus,

method, or process disclosed in this report may not

infringe privately owned rights; or

B.) Assumes any Jiabilities with respect to the use of,

or for damages resulting from the use of any infer-

mation, apparatus, method or process disclosed in

this report.

As used above, "person acting on behalf of NASA" includes

any employee or contractor of NASA, or employee of such con-

tracter, to the extent that •such employee or contractor of NASA,

or employee of such contractor prepares, disseminates, or

provides access to, any information pursuant to his employment

or contract with NASA, or his employment with such contractor.

Requests for copies of this report
should be referred to:

• % . ",

_a_iona_l Aerongu_±cs & Space Administration
21b0 Brookpark _Ro_d

C _ , .leveland, Ohio 44,135

At c_1: C0nt:ract ing Officer
SpaCe Power SYstems Procurement Section
MS 500-309
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FOREWORD

The work described herein was performed by the General Electric Company

under the sponsorship of the National Aeronautics and Space Administration under

Contract NAS 3-2547. The purpose was the preparation of comprehensive material

and process specifications for the procurement, cleaning, and joining of refractory

alloys and for the procurement, purification, and handling of the alkali metals.
The mefractory alloys and alkali metals are to be used in the construction and

evaluation of a boiling and condensing potassium corrosion test loop. Although

the specifications found herein contain the General Electric Company's designation,

anyone who so desires is encouraged to use the contents of the prepared specifica-

tions and assign their own specification numbers.

The refractory alloy material and process specifications were prepared by

Mr. D. N. Miketta (deceased) under the direction of Mr. R. G. Frank, Manager,

Physical Metallurgy. Specifications for joining were prepared by Mr. W. H. Kearns

and Mr. W. R. Young, Manager_ Joining and Fabrication. Alkali metal specifica-

tions were prepared by Dr. R. B. Hand, Manager, Chemistry and Physics. This work

was administered for the General Electric Company by Dr. J. W. Semmel, Jr., Man-

ager, Materials and Processes. Mr. E. E. Hoffman_ Manager, Corrosion Technology,

acts as Program Manager Of the Potassium Corrosion Test Loop Development Program

which will evaluate the material performance. Messieurs T. A. Moss and R. L.

Davies are the Technical Managers for the National Aeronautics and Space Adminis-
tration.
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i. INTRODUCTION

A forced circulation, two phase boiling and condensing potassium loop test-

ing program is being conducted under NASA Contract NAS 3-2547 to develop a

Prototype Corrosion Test Loop for the evaluation of advanced refractory contain-

ment and turbine alloys in environments which simulate projected space electric

power systems. The Prototype Corrosion Loop consists of a two-loop Cb-iZr alloy

facility; sodium is heated by direct resistance in the primary loop and is used

in a heat exchanger to boil potassium in the secondary corrosion test loop.

Heat rejection for condensation in the secondary loop is accomplished by radiation

in a high-vacuum environment. The corrosion test design conditions for the

Prototype Loop are shown below; however, it is expected that the temperatures

could be increased by about 400°F when testing is extended to include advanced

refractory containment alloys that are stronger than Cb-lZr alloy:

i. Boiling temperature - 1900°F

2. Superheat temperature - 2000°F

3. Condensing temperature - 1350°F

4. Subcooling temperature - 800°F

5. Mass flow rate - 20 to 40 Ibs/hr

6. Boiler exit vapor velocity - I00 to 150 ft/sec

7. Average heat flux in the boiler - 50,000 to I00,000

BTU/hr ft 2

Prior to the construction and operation of the Prototype Corrosion Test Loop,

two other Cb-iZr alloy test loops were constructed and operated in a series of

component evaluation and endurance tests. Loop I, a natural convection loop,

was operated for i000 hours with liquid sodium at a maximum temperature of 2250 °

to 2380°F to evaluate the electrical power vacuum feedthroughs, thermocouples,

the method of attaching the electrodes, the electrical resistivity characteristics

of the heater segment, and the use of thermal and electrical insulation. Loop II

a single-phase sodium, forced-circulation loop to evaluate the primary loop EM

pump, flowmeter, flow control and isolation valves, and pressure transducers has

completed 2650 hours of scheduled testing at a pump inlet temperature of 1985°F.

This report covers the preparation of material and process specifications

for the procurement, cleaning, and joining of refractory alloys and for the pro-

curement, purification, and handling of the alkali metals to be used in the

fabrication and evaluation of the test loops. The major objective in the prepar-

ation of the specifications was to assure the utilization of only high quality

products with uniform and reproducible properties.

-I-
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II. PROCUREMENT OF REFRACTORY ALLOY MILL PRODUCTS

A. Material Specifications

The material specifications that were prepared and utilized for the pro-

curement of refractory metals and alloys for Tasks I-IV of the Potassium Corrosion

Test Loop Development Program are listed in Table I and are reproduced in Appendix

A. By far the greatest bulk of material required for the construction of Loops

I and II and the Prototype Loop was bar and rod_ sheet_ plate and foil_ and seam-

less tubing and pipe of Cb-lZr alloy. Small quantities of Mo-TZM alloy bar for

the turbine simulator and valves and T-Ill alloy bar and sheet for the fast re-

sponse transducer were required. In addition_ trial orders for small quantities

of thin wall seamless tubing of T-III_ T-222_ and D-43 alloy were placed to deter-

mine the feasibility of fabricating bellows from the higher strength columbium

and tantalum alloys. Preparation of the specifications for T-III_ T-222_ and D-43

alloys are discussed elsewhere (i). Subsequent to issuing the material specifica-

tions, a revision was Eade in the specification numbering system; both the re-

vised and original specification numbers are shown in Table I and on the cover

sheet of each specification in Appendix A.

Generally_ it was found that the inclusion of detailed processing procedures

in the specifications for Cb_]Zr alloy was too restrictive_ particularly in the

production of large bar and tube hollows. Assurance of obtaining the desired

quality product can be achieved by _tablishing more stringent requirements in

other sections of the sp_cifications_ i.e._ stress-rupture properties. Also_ it

was found desirable to establish specifications for applications of varying re-

quirements_ i.e._ structural or n¢_nstruc%ural. As a result_ the specifications

for Cb-IZr alloy mill pr_ducts have been revised and re-issued. The revised

specifications for Cb-iZr al!©y a_e listed in Table If.and reproduced in Appendix B.

It can be concluded that the existe:;ce of fairly stringent specifications

contributed significantly to the successful procurement of generally high quality

mill products.

B. Vendor Selection

The procurement of the refr_¢bory a]ioy mill products for the program was

initiated by personal visitz by _ene::z_l Electric personnel to vendors representa-

tive of the industry and c©n_idefed capable of supplying the program's material

needs. The purpose of the_e visits were: i) to review vendor facilities and pre-

vious experience in producing the d_si:ed mill products of the alloys of interest_

(1)
f!

Miketta_ D. N._ as_2 _'r_nk_ R. G._ P,_a_zum Corrosion Test Loop Development_

October 1_ 1965_ NASA Coz,_tract INI_.S 3-2547_ NASA-CR-54761.

PRECEDING PAGE BLANK NOT FILMED.



i.e._ primarily Cb-IZr alloy_ 2) to present the program's technical requirements

and material delivery schedules_ and 3) to review the NASA-Lewis quality assurance

program provisions for research_ test_ and development programs (QA-2a). The

vendors contacted were:

I. Wah Chang Corporation_ Albany_ Oregon

2. Kawecki Chemical Company_ Boyertown_ Pennsylvania

3. Stellite Division_ UCC_ Kokomo_ Indiana

4. Superior Tube_ Nerristown_ Pennsylvania

5. Stauffer Metals Division_ Richmond_ California

Formal inquiries to supply Cb-IZr alloy mill products were prepared and sub-

mitted to the vendors for quotation. The inquiries covered the entire scope of

standard mill products ranging from foil_ sheet_ plate_ and bar to pipe and tubing

of various diameters and wall thicknesses. The General Electric Company_ Space

Power and Propulsion _ectic_n specifications 01-0003-02-B_ "Bar_ Rod_ Sheet_ Plate

and Strip: Columbium-l_ Zirconium _' and 01-0004-02-H_ "Seamless Tubing: Columbium-

i% Zirconium Alloy v' formed the basis around which the inquiries were framed. In-

vitations to bid on the entire Cb-lZr alloy requirements were offered to Wah Chang

Corporation_ Kawecki Chemical Company and Stauffer Metals Division. Vendors

whose stated interests were limited to specific mill products were given the op-

portunity to quote on those ile_s within their realm of activity_ i.e._ Superior

Tube Company_ Wolverine Tube Division_ and Bishop Tube Company for hollow products

and Stellite Division_ UCC_ E. I. DuPont de Nemours_ and Fansteel Metallurgical

Corporation for mill products of solid cross section.

The quotations were carefully reviewed and composite tabulations were pre-

pared for purposes of comparison with emphasis of the final vendor selection

being placed on adherence to the specification_ price_ delivery_ and previous

experience with that vendor on past programs. In general_ adherence to the re-

quirements of the specifications was satisfactory. The greatest and most re-

peated areas of concern on the part of the vendors arose from the number of tests

required_ the stress-rupture requirements_ and the defect level and techniques

specified in the ultrasonic inspection section of the specifications. Mutual

agreements on minor modifications to the specifications were reached in all cases.

Several vendors who could not fulfill the ultrasonic inspection requirements of

the specifications were persuaded to enlist the services of outside testing

sources specializing in that type of inspection. Where invocation of the overall

specification was impractical and unnecessary_ i.e._ wire and foil_ only those

paragraphs of the specification dealing with chemistry_ particularly interstitial

levels_ and general soundness and cleanliness were specified.

One product_ the O.008-inch thick wall tubing of Cb-iZr alloy_ had to be pro-

cured on an "aim for" basis because of a lack of background data and experience

to ensure the vendor o_ meeting the Specification. The resulting product was
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higher in oxygen content (868 ppm) than desired, and although satisfactory bellows

were fabricated from the product, it was appropriate to determine whether 0.008-

inch thick wall tubing could be obtained within the basic specification (300 ppm

oxygen maximum) from another source. A trial order on an "aim for" basis to

specification 01-0004-02-B was placed for 50 pieces of Cb-lZr alloy 0.375-inch

OD x 0.008-inch thick wall x 7-inch _ong tubing from Wolverine Tube Division.

At the same time a similar order was placed with Wolverine Tube Division for D-43

alloy tubing to determine the feasibility of processing thin wall tubing of an

advanced high strength columbium alloy. As was expected, utilization of the

vacuum annealing facilities at Wolverine Tube Division resulted in the production

of thin wall, cOlumbium alloy tubing havi_g an:Oxygen content below 350 ppm.

The small quantity of Mo-TZM bar for the turbine simulator and for the valve

components were purchased from Climax Molybdenum Company to their specification

_CMX-WB-TZM-1). The T-111 tantalum alloy bar and foil were ordered from National

Research Corporation (NRC) to purchase order type specification. It also was

deemed desirable to obtain preliminary experience in the production of thin-walled,

high strength tantalum alloy tubing. Purchase orders were placed with National

Research Corporation for 50 pieces each of 0.375-inch OD x 0.008-inch thick wall

x 7-inch long tubing of T-111 and T-222 alloys to General Electric specifications

01-0035-00-B and 01-0036-00-C.

Table III summarizes the refractory alloy requirements for the Potassium

Corrosion Test Loop Development Program and the final selection of the vendors

and the particular products each vendor supplied for the program.

C. Quality Assurance

The quality assurance program was established to provide adequate identifica-
tion and documentation of the quality of the refractory alloys used in the construc-

tion of the test loops. In addition, the information acquired in the quality

assurance program would fulfill the material documentation required for the test

history of the loop components.

The majority of the quality assurance measures were performed and certified

to be within specification by the materials producers and check tests performed

by the General Electric Company generally were limited to chemical analyses of

the interstitial elements_ metallographic examination, hardness measurements,

and visual inspection of the incoming products_

Upon receipt of material from the material producers, a Material Control

Number (MCN) was assigned to each homogeneous lot of material. A homogeneous
lot included all material of the same size_ shape, condition_ and finish from

one heat of material and which had received the same processing, had been annealed

in the same vacuum annealing charge, and had been processed in the same manner

in all operations in which the processing temperatures exceeded 500°F. Control

of the assigned Material Control Numbers, Quality Assurance Test Records, and

Material Disposition was aided through the appropriate use of the record forms

shown in Appendix C.

-5-



A listing of the refractory alloy mill products procured for the program_ the

specifications to which they were procured_ and the results of the quality assur-

ance tests is presented in Tables IV through VII. A summary of the quality assur-

ance test results with respect to meeting the requirements of the specifications

is shown in Table VIII.

In general_ it was evident that careful attention was given to the production

of the mill products by the material producers. The only discordant note in

visual inspection was found in the Cb-lZr alloy tubing items; many tubes sustained

evidence of scratches and nicks on the outside diameters as a result of poor

handling and packing methods employed by the vendor. With the exception of the

0.008-inch thick wall tubing received from one vendor (MCN 410) and two lots of

0.002-inch foil (MCN 401 and 482)_ all the Cb-lZr alloy mill products received

have satisfied the interstitial element product analysis requirement of the

specifications. The 0.008-inch wall tubing was higher in oxygen and::carbon con-

tent than desired and the 0.002-inch thick foil was high in carbon content. How-

ever_ in some instances_ there was considerable deviation from the analyses supplied

by the vendors and those obtained at General Electric. These variations attest

to the continuing reluctance expressed by most vendors in having a two source

check analysis of interstitial levels as a basis for rejection of refractory metal

products. A summary of the variation in interstitial element eontent with the

section size of the smaller Cb-lZr alloy mill products is given in Table IX.

All the Cb-iZr alloy mill products met the room temperature tensile and hard-

ness requirements of the specifications and of those items tested for stress-

rupture strength_ one item_ the 2-inch diameter bar (MCN 425)_ failed to meet the

requirements. The grain size of all bar, sheet_ plate_ and tube with a wall

thickness greater than 0.065 inch was well within the specification limits. The

microstructure of a 0.375-inch OD x O.065-inch thick wall tube is shown in Figure

1. Although the thin wall tubing_ 0.008 inch and 0.025 inch_ failed to meet the

general grain size specification_ the limits for thin wall tubing were over re-

strictive from a production standpoint and the grain size specification subse-

quently has been relaxed from the required 30 grain boundary intersections across

the wall thickness to a maximum ASTM standard grain size number of 6. The two

items of tubing that failed to meet the original specification would meet this

requirement. The microstructure of a 0.375-inch OD x 0.008-inch thick wall tube

is shown in Figure 2. All tubing items passed the hydrostatic and flare test

requirements.

N_ndestructive testing of Cb-lZr alloy mill products for surface imperfections

and internal defects generally found the material to be of high quality_ except

that a few surface tears were found on the 0.500-inch diameter bar S the surface of

some of the tubing was rough_ and six 0.375-inch OD x 0.065-inch thick wall tubes

and three of the l.O-inch OD x 0.100-inch thick wall tubes were rejected for in-

ternal defects greater than 3% of the wall thickness. However_ in all cases it

was possible to remove the identified defective areas and utilize the balance

of the tube in the construction of the loops. A typical ID defect in a 0.375-inch

OD x 0.06S-inch thick wall Cb-iZr alloy tube is shown in Figure 3.
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Examination of the quality assurance tests performed on other refractory metals

and alloys utilized in the program will reveal that the unalloyed tantalum and Mo-

TZM alloy mill products met all the specified requirements. The microstructure of

the Mo-TZM alloy one-inch diameter bar used for the machining of the blades in the

turbine simulator is shown in Figure 4. However_ all four items of the T-111 alloy

failed to meet specifications: the hafnium was below the 2.0% minimum on three

items; carbon was above the 30 ppm maximum on three items; tensile elongation was

below the 15% minimum on one item; and major ultrasonic defects were found in the

one-inch diameter bar.

Of the trial orders placed for 0.375-inch OD x 0.O08-inch thick wall tubing

of Cb-lZr_ D-43_ T-111 and T-222 alloys_ acceptable tubing was received from

Cb-lZr and T-111 alloys with the exception of carbon content. However_ there
was considerable disagreement between the vendor and General Electric analyses

of the carbon in the Cb-lZr alloy tubing, i.e._ 79 ppm vs 145 ppm_ respectively_

with the specification being 100 ppm maximum. Regardless_ a considerable reduction

in interstitial element content was realized in the Cb-lZr alloy tubing received
from Wolverine Tube Division:

Chemical Analysis_ ppm
Vendor C O N H

Wolverine Tube Division 79/145 260/347 35/8 7/8

Superior Tube Company 210/150 660/827 72/106 9/1

The microstructure of the Cb-lZr alloy tubing received from Wolverine is shown

in Figure 5.

The carbon content of T-Ill alloy tubing was significantly higher than the

specification (75 ppm maximum) as analyzed by the vendor and General Eleetric_

i.e._ 197 ppm and 225 ppm_ respectively: The microstructure of the T-lll alloy

is shown in Figure 6.

No tubing was received of T-222 alloy due to the inability of the vendor to

produce the material; the D-43 alloy tubing generally was of poor quality with

respect to surface condition_ Figure 7.

-7-
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III. MATERIAL CLEANING AND JOINING

The processing specifications utilized in the fabrication of Loop I, Loop II,

and the Prototype Loop for the Potassium Corrosion Test Loop Development Program

are listed in Table X and a_ereproduced in Appendix D. In general, these speci-

fications provided excellent guidelines for the processes involved.

Certain technological advances made during the past two years have provided

information which will be incorporated into future specifications to be used for

the fabrication of a T-111 tantalum alloy loop under NASA Contract NAS 3-6474.

The welding specification for Cb-lZr alloy_ 03-0005-00-A, did not require mon-

itoring of gaseous impurities within the welding chamber. However, as described

in _opieal Report No. 1 (2_, procedures have been developed for monitoring
the helium within the welding chamber. Limits on the levels of oxygen, nitrogen,

and water vapor in the welding chamber will therefore be incorporated into re-

vised welding specifications for refractory metals and their alloys. The in-

clusion of the postweld annealing requirements within the body of the welding

specification presented some difficulties in quality control documentation due to

the fact that a substantial number of welds were usually annealed in one furnace

run. Therefore_ the postweld annealing operation will be incorporated into a

separate specification for future work. Also, it was found that many commercially

available vacuum furnaces could not maintain the specified 1 x l0 -5 torr pres-

sure at the 2200°F annealing temperature. This vacuum requirement will be re-

tained in future specifications since the technical requirements have not changed.

The specification will place additional emphasis on furnace qualifications by

chemical analysis of samples and on the use of protective refractory alloy foils

for wrapping components.

The chemical cleaning specification, 03-0010-00-B, was implemented without

difficulty after preliminary adjustment of the acid cleaning solution temperature

which was specified to be i00°-125°F. At these bath temperatures, heatlng of

parts due to the relatively rapid chemical reaction resulted in the formation of

a white film during transfer to the water rinse tank. This problem was elim-

inated during the cleaning of loop components by maintaining the acid cleaning

bath at room temperature.

Handling procedures which were used during assembly were defined on manu-

facturing instructions. These instructions were designed to provide both the

processing sequence information and the requirements for cleanliness control.

In future work, a separate specification will be prepared for cleanliness control

during processing, i.e., forming, welding, and assembly operations, in order

to simplify the quality control documentation.

The other specifications presented no obvious deficiencies and will be used

for future work with minor modifications.

(2) Lyon_ T. F., Potassium Corrosion Test Loop Development Topical Report No. I,

"Purification and Analysis of Helium for the Welding Chamber," July i_ 1965,

NASA Contract NAS 3-2547, NASA-CR-54168.

-9-
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IV. PROCUREMENT_ PURIFICATION_ AND HANDLING OF ALKALI METALS

Four specifications for the procurement and purification of high purity

alkali metals were prepared for utilization in the program. These specifications

are listed in Table XI and are reproduced in Appendix E. Included in the speci-

fications reproduced in Appendix D are minor changes in the maximum allowable im-

purities that were made in May 1965. In the case of both sodium and potassium_

the maximum allowable limits for some impurities were increased to coincide with

the precision limitations of the emission spectrographic techniques currently in

use. These maxima have been increased from 1 ppm to 5 ppm.

High purity reactor grade sodium for the program was procured from U.S.

Industrial Chemicals Corporation (USI)_ Ashtabula_ Ohio. Although USI took ex-

ception to specification O1-0031-O0-B with respect to the maxima specified for

impurities, only once have they failed in a minor way to meet the limits in the

specification. In this instance they obtained a value of 63 ppm oxygen instead

of the specified 50 ppm. The Mine Safety Appliance Research Corporation, Callery_

Pennsylvania_ would also supply sodium to specification O1-0031-O0-B_ again with

several exceptions with regard to the maximum allowable impurity limits and the

number of elements specified. Other vendors contacted either refused to quote

or took exception to the specification on the basis that the cost would be ex-

cessive to determine whether or not they could meet the specification_ parti-

cularly with regard to developing appropriate analytical methods.

Certain impurity elements of interest in sodium are listed in Table II of

specification 01-0031-00-B_ with the maximum allowable concentration limits de-

signated as "unspecified". Vendors normally do not analyze for these elements

and_ consequently_ have no prior knowledge on which to base limits for their

product. However_ analyses of as-re,solved sodium that were conducted for the

General Electric Company by the Nuclear Materials Equipment Corporation have

generally shown concentrations of less than i0 ppm each for these elements.

The only vendor who would cow,ply with the specification for high purity

potassium_ 01-0033-00-B_ was Mine Safety Appliance Research Corporation (MSA).

All potassium that was procured for the program was obtained from MSA. MSA will

guarantee all sections of the specification and_ in addition_ will guarantee a

carbon content of less than 50 ppm.

Overall_ it is believed that the specifications for the procurement of high

purity sodium and potassium are realistic and no changes are planned in their

content at this time. However_ both specifications should be revised in the

future in order to eliminate or modify the requirement that sodium should assay

99.95_ and potassiu_ 99.99%. It is obvious that if all impurities present were

at the allowable maxima these requirements could not be met. It is intended to

place a maximum on the sum of the concentrations of all elements for which

analyses are made.

.t
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Specifications 01-0032-00-B, '_ot Trapped Reactor Grade Sodium Metal", and

01-0034-O0-B_'_ot Trapped High Purity Grade Potassium Metal'S, also were revised

in May 1965. Included in the revisions were the up-dating of the referenced

specification numbers_ increasing the maximum allowable limits of cobalt_ boron_

silver_ and molybdenum from i ppm to 5 ppm and reducing the requirement for the

minimum hot trapping duration from lO0 to 20g_ours. This latter change was

made because the results obtained from more recent purification operations have

shown that extended periods of hot trapping are not necessary when high purity

starting materials are used. The construction of hot traps and the hot trapping

procedures have conformed to those specifications_ and the alkali metals obtained

have met the purity requirements. There are no reasons_ at present_ to further

modify these specifications.

f! _V

Specification 03-0018-00-A_ Alkali Metal Handling and Control Procedures ,

contains the instructions for sampling and analysis referred to in the hot

trapping specificat@ons. This comprehensive set of instructions requires periodic

revision to take into account a_vances in the alkali metal technology. With

respect to current practice at this laboratory_ the specification is quite up-to-

date in its present form_ but it will be extended in the next few months to include

newly established procedures for the determination of nitrogen in lithium and

metallic elements in sodium and lithium_ as required for future work.

-12-
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TABLE I. REFRACTORY ALLOY MATERIAL SPECIFICATIONS

Revised

Specification No.

01-0003-02-B

01-0003-03-B

01-0003-04-B

01-0004-02-B

01-0004-03-B

01-0009-00-B

0!-0009-0!-B

CMX-WB-TZM-2

Ol-O015-O0-B

01-0035-00-B

01-0040-00-B

01-0037-00-B

01-0036-00-C

ASTM B-364-62T

ASTM B-365-62T

Title

i. Bar_ Rod_ Sheet, Plate and Strip:

Columblum-l% Zirconium Alloy

2. Bar_ Rod_ Sheet, Plate and Strip:

Columbium-l% Zirconium Alloy

S. Bar_ Rod_ Sheet,:Plate and Strip:

Columbium-l% Zirconium Alloy

4. Seamless Tubing: Columbium-l_

Zirconium Alloy

5. Seamless Tubing: Columbium-l_

Zirconium Alloy

6. Bar and Rod: Mo-TZM

(Mo-O.5Ti-0.08Zr) Alloy

7. Bar and Rod: Mo-TZM

(Mo-O.5Ti-0.08Zr) Alloy

8. Climet TZM (Mo-0.5%Ti-0.08%Zr)

Wrought Bar

9. Bar and Rod: T-111 (Ta-8W-2Hf)

Alloy

i0. Seamless Tubing and Pipe:

T-Ill (Ta-SW-2Hf) Alloy

ii. Sheet_ Plate and Strip:

T-Ill (Ta-SW-2Hf) Alloy

12. Seamless Tubing and Pipe

D-43 (Cb-10W-IZr-0.1C) Alloy

13. Seamless Tubing and Pipe:

T-222 (Ta-10.4W-2.4Hf-0.01C)

14. Tantalum Ingots and Flat

Mill Products

15. Tantalum Rod and Wire

* Modified by Purchase Order.

Original

Specification No.

SPPS-IB

Amend.

SPPS-2B

Amend.

SPPS-15-RI*

CMX-WB-TZM.I

SPPS-22-RI*

SPPS-54-RI*

SPPS-59-RI*

SPPS-56-RI*

SPPS-55-R2*

ASTM B364-61T*

ASTM B-365-61T*

-13-



TABLEI I. REVISEDMATERIALSPECIFICATIONFORCb-iZr ALLOY

I

I
I

I
Title

Seamless Tubing and Pipe: Columbium-l%

Zirconium Alloy

Seamless Tubing and Pipe: Columbium-l_

Zirconium Alloy

Bar and Rod: Columbium-l% Zirconium Alloy

Bar and Rod: Columbium-l% Zirconium Alloy

Sheet_ Plate and Strip: Columbium-l%

Zirconium Alloy

Sheet_ Plate and Strip: Columbium-l_

Zirconium Alloy

Foil: Columbium-l% Zirconium Alloy

Wire: Columbium-l_ Zirconium Alloy

Specification Number

01-0004-00-D

01-0004-01-D

01-0052-00-B

01-0052-0_-B

01-0053-00-B

01-0053-01-B

01-0054-00-A

01-0055-00-A

I

I
I

I

I
I

I
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TABLE X. PROCESS SPECIFICATIONS

Title

i. Welding of Columbium-l%

Zirconium Alloy by the

Inert Gas Tungsten Arc

Process

2. Welding of Columbium-l_

Zirconium Alloy by the

Inert Gas Tungsten Arc

Process

3. Vacuum Brazing Bimetallic

Tube Joints

4. Operator Certification for

High Temperature Vacuum

Furnace Brazing of Bi-

metallic Tube Joints

5. Chemical Cleaning of

Columbium and Columbium

Alloy Products

6. Grit Blasting Columbium and

Columbium Alloy Products

7. Welding Columbium-l% Zir-

coniunn Alloy by the Elec-

tron Beam Process

8. Mass Spectrometric Leak

Detection Using Helium

9. Welding of Austenitic

Stainless Steel

i0. Arc Weld Groove Designs

for Austenitic Stain-

less Steels_ L-605_

Columbium_ and Tantalum

Alloys

Ii. Stainless Steel Conoseal

Tube Unions

Revised

Specification No_

03-0004-00-B

03-0005-00-A

03-0008-00-B

03-0009-00-A

03-0010-00-B

03-O011-O0-A

03-0012-00-A

03-0013-00-B

03-0014-00-B 1

03-0015-00-A

03-0016-00-A

Original

Specification No.

SPPS-3B

SPPS-3C

SPPS-gA

SPPS-10

SPPS-IIA

SPPS-12

SPPS-14

SPPS-26

SPPS-41

SPPS-50

SPPS-53

I
I

I
I
I

I
I
I

I
I
I
I
I
I

(I) Specification was Revised to Incorporate Changes in Radio-

graphic Inspection Requirements Subsequent to its Use in

Contract NAS 3-2547.
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TABLE XI. ALKALI METAL PROCUREMENT AND PURIFICATION SPECIFICATIONS

I

I

I

I

I

I

Title

i. Reactor Grade Sodium Metal

2. Hot Trapped Reactor Grade

Sodium Metal

3. High Purity Grade Potassium

Metal

4. Hot Trapped High Purity

Grade Potassium Metal

5. Alkali Metal Handling and

Control Procedures

Revised

Specification No.

01-0031-00-B 1

01-0032-00-B 2

01-0033-00-B 1

2
01-0034-00-B

03-0018-00-A

Original

Specification No.

SPPS-45-I

SPPS-45-II

SPPS-46-I

SPPS-46-II

I

I

I

I

I

I

I

I

Specifications were Revised to Incorporate Changes in the

Maximum Allowable Impurities Subsequent to Their Use in

Contract NAS 3-2547.

Specifications were Revised to Incorporate Changes in the

Maximum Allowable Impurities and in the Length of Time Re-

quired for Hot Trapping Subsequent to Their Use in Contract

NAS 3-2547.
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Figure 1. Microstructure of Transverse Section of Cb-1Zr  A l l o y  0.375-Inch OD 
x 0.065-Inch Thick Wall Tube (MCN 404-4) Used in the Construction 
of the Prototype Loop. Final Heat Treatment was One Hour at 2200OF. 

Etchant: 20%~-20%HNO~-60%Water Mag: lOOX 
(24265) 
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Figure  2. Microstructure of Cb-1Zr A l l o y  0.375-Inch OD x 0.008-Inch Thick 
Wall Tube (MCN 410) Used f o r  the Fabrication of Bellows f o r  the  
Prototype Loop. Final Heat Treatment was One Hour at 230O0F. 
Top: Transverse Section ( K 2 1 1 ) ;  Bottom: Longitudinal Section 
(K65). 

E t  chant : 

1 
Mag: lOOX I 

E 
20 %HF - 20 %HN03 -60 %W a t e r 
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Figure 3. Typical ID Defects Observed in Cb-1Zr Alloy 0.375-Inch OD x 0.065- 
Inch Thick Wall Tubes. 
Bottom: Inner Surface of MCN 447 (K4807). 

Etchant: 20%HF-20%HN03-60%Water Mag: lOOX 

Top: Outer Surface of MCN 404-4 (24263); 
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Figure 4. Microstructure of Mo-TZM A l l o y  One-Inch Diameter Bar (MCN 435) Used 
in the Fabrication of the Turbine Simulator fo r  the Prototype Loop. 
Final Heat Treatment was 3/4 Hour at 2300°F. Top: Transverse 
Section (K1003); Bottom: Longitudinal Section (K1004). 

Etchant: Murakami's Mag: lOOX 

-46- 
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Figure 5. Microstructure of Cb-1Zr Alloy 0.375-Inch OD x 0.008-Inch Thick 
Wall Tube (MCN 466) Produced by Wolverine Tube Division. Final 
Heat Treatment was One Hour at 2200'F. Top: Transverse Section 
(K5214); Bottom: Longitudinal Section (K5215). 

Etchant: 20%HF-20%HNO3-60%Water Mag: lOOX 

I 
-47- 
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Figure 6. Microstructure of T-111 Alloy O.375-Inch OD x 0.008-Inch Thick 
Wall Tube (MCN 509) Produced by National Research Corporation, 
Metals Division. Final Heat Treatment was 1.5 Hours at 2700OF. 
Top: Transverse Section (L1287); Bottom: Longitudinal Sec- 
tion (L1288). 

Et chant : ZO%HF-2O%HN03 -6O%Wa te r Mag: lOOX 
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Figure 7. Microstructure of D-43 Alloy 0.375-Inch OD x 0.008-Inch Thick Wall 
Tube Produced by Wolverine Tube Division. Final Heat Treatment was 
One Hour at 2850'F. Top: Transverse Section Lot A (MCN 491--Best 
Quality); Bottom: Transverse Section Lot B (MCN 492--Poorest 
Quality). 

Et chant : 20%I-IF-20%HNO~-60%Water Mag: lOOX 

-49- 
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REFRACTORY ALLOY MATERIAL SPECIFICATIONS
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SPECIFICATION

BAR, ROD, SHEET, PLATE AND STRIP:

COLUMBIUM-I% ZIRCONIUM ALLOY

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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GENERAL ELECTRIC COMPANY

RE-ENTRY SYSTEMS DEPARTMENT

SPACE POWERAND PROPULSION SECTION

SPECIFICATION

SPPS-1B

30 August 1963

Page 2 of 16

BAR; ROD; SHEET; PLATE_ AND STRIP: COLUMBIUM- 1% ZIRCONIUM ALLOY

i • SCOPE

I.i. Scope. This specification covers a wrought reactor grade columbium -
i_ zirconium alloy in bar, rod, sheet, plate, and strip form.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None.

2.2. Non-Government Documents

ASTM Designation B .
(Tentative)

(23 August 1961)

Columbium Alloy Ingots

ASTMDeslgnation E8-57T

(26 December 1957)

Methods of Tension Testing of

Metallic Materials

•ASTM Designation

(Pending)

Methods for Chemical Analysis of

Reactor and Commercial Columbium

ASTMDeslgnation E29-58T

(1958)

Recommended Practices for

Designating Significant Places

in Specified Limiting Values

AMS 2645

(1 March 1955)
Fluorescent Penetrant Inspection

A_S 2646

(1 March 1955)

Contrast Dye Penetrant

Inspection

AMS 2635

(15 August 1958)

Radiographic Inspection

AMS 2242A

(I December 1950)

Tolerances, Corrosion and Heat

Resistant Sheet, Strip, and Plate

-54-
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3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in

all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made
from ingots conforming to ASTM Designation B, tentative specification

for columbium alloy ingots. These ingots may be produced by fusion,

powder metallurgy methods, or other suitable means which will allow

processing the consolidated metal into various basic shapes.

3.3. Chemical Composition

3.3.1. Ingot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table I.

(Refer to page 4.)

3.3.2. Final Product Composition. The manufacturer's ingot analysis
shall be considered the chemical analysis for products supplied under

this specification except carbon, oxygen, nitrogen, and hydrogen

content, to conform to the requirements in Table I, shall be determined

in the finished product. (Refer to Table I, page 4.)

3.3.3, Check Analysis. Upon check analysis final product compositions

shall not exceed the following llmlts or variations:

Check Analysis Permissible Variations

Limits, Max. in Check Analysis

Element (ppm) (ppm)

Carbon i00 + i0

Oxygen 300 + 50

Nitrogen 300 + 50

Hydrogen 15 + 2

3.4. Condition

3.4.1. Processing. Unless otherwise stated by the purchase_ after a

final cold reduction of 20-40% the finished product shall be annealed

in a vacuum for one hour at 2200°F. Before this final 20-40% reduction,

regardless of the previous inprocess anneals, the semifinished product
shall be vacuum annealed for one hour at 2200°F. As an alternate,

vacuum annealing at 1800°F for one hour before the final 20-40% cold

reduction is permissibl_ provided the material has been cold-reduced at

least 75% after the previous inprocess anneal.

-55



Element

Carbon

Nitrogen

Oxygen

Hydrogen

Zirzonlum

Iron

Tant alum

Titanium

Silicon

Boron

Tungsten

Molybdenum
Aluminum

Beryllium

Cadmium

Chromium

Cobalt

Copper

Lead

Lithium

Magnesium

Manganese

Nickel

Tin

Vanadium

Ytterbium

Zinc

Uranium

Hafnium
Calcium

Sodium

Chlorine

Columbium_ by difference

TABLE I

CHEMICAL COMPOSITION

REACTOR GRADE Cb-lZr

Maximum Content

(ppm)

i00

300

300

15

0.8 - 1.2% (range)

500

i000

5O0

300

2

500

i000

5

30

50

100

200

200

100

98.5% min
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3.4.2. Microhardness. _ After heat treatment the material shall be sectioned

and a representative sample shall be examined metallographically for

evidence of possible contamination caused by unsatisfactory heat-treating

atmosphere. A microhardness traverse shall not show a hardness gradient

over 50 VHN points from the center to the surface of a cross-sectional

sample of the material.

3.4.3. Grain Size. Unless otherwise agreed to by the purchaser and the

vendor, the grain size of the finished product shall be such that the

length of the grains parallel to the working direction shall not exceed

0.05 inch or the smallest dimension of the product, whichever is less;

the grain size perpendicular to the working direction shall be smaller

than that indicated by ASTM standard grain size No. 3.

3.5. Mechanical Properties

3.5.1. Room Temperature Tensile Strength. Longitudinal specimens (or

transverse where practical) shall not exceed the following property

limits at test temperatures of 65 ° - 85°F:

Tensile Strength

(psi)

Yield Strength

(0.2%, psi)

Elongation

(2-inch gauge; %)

75,000 max 60,000 max 10 min

3.5.2. Stress-to-Rupture Test. The material in final form shall be

capable of achieving the following stress-rupture life under suitable

environmental conditions:

Test Temp Stress Minimum Life

(OF) (psi) (hour s)

2000 i0,000 25

After the stress-rupture test_ check analysis of the specimen shall not

exceed the following limits:

Element

Check Analysis Limits

(ppm)

Carbon 150

Oxygen 400

Nitrogen 400

Hydrogen 15

-57 -
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3.5.3. Hardness. The product shall have a Rockwell hardness number

not exceeding B-90 in the heat-treated condition.

3.6. Tolerances

3.6.1. Rolled_ Swaged_ or Drawn Rounds

3.6.1.1. Diameter. The permissible variation in diameter and the
limits of out-of-roundness of descaled rou_s shall not exceed those

in Table II.

TABLE I I

PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR

Diameter

Diameter Variation

(inches) (inch)

Out-of-Roundness

(inch)

.020 to .030

.030 to .062

1/16 to 9/32
Over 9/32 to 13/32

Over 13/32 to 5/8

Over 5/8 to 7/8

Over 7/8 to 1

Over 1 to 1-3/8

Over 1-3/8 to 1-1/2

Over 1-1/2 to 1-5/8

Over 1-5/8 to 2

Over 2 to 2-1/2

Over 2-1/2 to 3-1/4

Over 3-1/4 to 3-1/2

+ .0005 - .0005

+ .001 - .001

+ .002 - .002

+ .010 - .005

+ .010 - .055

+ .015 - .005

+ .020 - .005

+ .020 - .010

+ .020 - .015

+ .025 - .015

+ .030 - .020

+ .032 - .032

+ .032 - .032

+ .045 - .045

.004

.008

.012

.015

.015

.018

.020

.020

.025

.025

.027

.040

Centerless ground rounds

1/16 to 2 + .002
Over 2 + .003

3.6.1.2. Cut Lengths.

3.6.1.3. Straightness.

foot in any length.

Maximum length variation shall be 0.25 inch.

Maximum deviation shall be 0.050 inch per

3.6.2. Square or Rectangular Bar or Plate

3.6.2.1. Dimensions. Unless otherwise specified, forged or rolled

square and rectangular shapes shall have the following tolerances:

Thickness Length Width

± 10% ± 0.125 inch ± 0.125 inch

-58-
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3.6.2.2. Flatness of Plate. Flatness tolerance on plate shall conform
to AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip,
and Plate."

3.6.2.3. Strai_htness of Bar. Maximum deviation shall be 0.050 inch

per foot in any length.

3.6.3. Sheet or Strip

3.6.3.1. Thickness. The permissible variations in thickness shall not

exceed those presented in Table III (1/2 the tolerance values in AMS2242A).

Measurements shall be taken 1 inch in from the edges on all sheets at
the corners and mid-sides to the nearest 0.0001 inch.

TABLE III

THICKNESS TOLERANCES

Nominal Gauge

(inch)

.005

Over .005 to .007 inclusive

Over .007 to .016 inclusive

Over .016 to .026 Incluslve

Over .026 to ,040 Incluslve

Over .040 to .058 inclusive

Over .058 to .072 Incluslve

Over .072 to .083 inclusive

Over ,083 to .098 incluslve

Over .098 to .114 incluslve

Over .114 to .130 incluslve

Over .130 to .145 incluslve

Over ,145 to .187 incluslve

To lerance

(inch, plus or minus)

.0005

.00075

.001

.0015

.002

.0025

.003

.0035

.004

.0045

.005

.006

.007

3.6.3.2. Length. Maximum deviation shall be 0.125 inch.

3.6.3.3. Width. Maximum deviation shall be 0.064 inch.

3.6.3.4. Flatness. Flatness tolerances shall be 4%, determined by the

method shown in Figure 1. (Refer to Page 8). The actual values shall be

reported. In determining flatness, the sheet shall not be subject to

external pressure at any point but shall lie freely on a flat surface

during measurement. Oilcanning will be reported. An estimate of the

extent (area, height_ etc.) of these defects shall be made.
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3.7. Maximum Allowable Discontinuities

3.7.1. General. The finished product shall be visibly free from oxide

or scale of any nature, grease_ oil_ residual lubricants_ and other

extraneous materials. Cracks_ laps_ seams, gouges_ and fins shall be

unacceptable.

3.7.2. Porosity and Inclusions. Indications of internal porosity and

non-metallic inclusions greater than 0.020 inch or 3% of the thickness,

whichever is smaller_ shall be unacceptable. Those indications in the

range 0.010 inch to 0.020 inch or 2_ of thickness, whichever is smaller_

shall be a minimum of 0.050 inch apart; those indications less than 0.010

inch shall be a minimum of 0.12 inch apart.

3.7.3. Surface Rework. All surface pores_ gouges_ and other defects

deeper than 0.005 inch or 3% of the thickness, whichever is smaller, shall

be unacceptable. Surface imperfections shall be faired smooth to remove

any notch effect.

4. QUALITY ASSURANCE PROVISIONS

4.1. Chemical Analysis

4.1.1. Certification. The analysis made by the material manufacturer

to determine the percentage of elements stipulated in this specification

shall be reported to the purchaser in a specified certificate of test.

4.1.2. Methods of Analysis. Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon_ and the spectrochemical methods

for metallic elements. Disputes shall be settled by accepted referee

methods, such as the ASTM "Methods for Chemical Analysis of Reactor and

Commercial Columbium".

4.2. Tensile Test

4.2.1. Sample Selection. Care shall be exercised to insure that the

sample selected for testing is representative of the material and uncon-

taminated by the sampling procedure. If there is any question about the

sampling technique or the analysis_ the methods for sampling and analysis

shall be those agreed to by the buyer and seller.

4.2.2. Test Methods. The tension test shall be conducted in accordance

with "Methods of Tension Testing of Metallic Materials_" ASTM Designatio n

E8-57T. Yield strength shall be determined by the offset (0.2%) method.

The tensile properties shall be determined using a free crosshead speed

of 0.05 plus 0.02 inch per inch of gauge length per minute throughout

the test.

61



SPPS-1B

30 August 1963

Page 10 of 16

4.3. Stress-Rupture Test

4.3.1. Necessit_ of Test. When agreed between the purchaser and the
vendor, stress-rupture properties of specimens from each heat of material

shall be determined by mutually acceptable testing techniques.

4.3.2. Test Techniques. Suggested testing techniques for determining

stress-rupture properties are:

-6
Specimens shall be tested in a vacuum of 10 torr or better.

Specimens shall be wrapped in tantalum or zirconium foil
to minimize contamination.

Specimens shall be held for a half hour at the test

temperature before application of load.

Test temperature shall be maintained at plus or minus
IO°F during the test.

4.4. Number of Tests Required. Representative test specimens from each
lot or ingot of material, whichever is larger, shall be taken to determine

conformity to this specification. The minimum frequency of these tests
shall be:

Finish product chemistry - one per lot or ingot
Tensile test - two per lot or ingot

Stress-rupture test - two per lot or ingot.

4.5. Retest and Rework

4.5.1. Surface Contamination. Any sample or specimen exhibiting obvious

surface contamination or improper preparation which disqualifies it as a

truly representative sample shall be replaced with a new sample.

4.5_2. Rework. If inspection and test results of a lot do not conform

to the requirements of this specification, the lot may be reworked at

the option of the manufacturer. The lot shall be acceptable if all test

results, after reworking, conform to this specification.

4.6. Inspect_o n

4.6.1. Vendor ResponsibilitT. The manufacturer shall make all tests
and inspections of the material covered by this specification before

shipment_ unless otherwise specified. All test and inspection results

shall be furnished to the purchaser.
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4.6.2. Customer Review. The purchaser or his representative may witness

the testing and inspection of the material, the manufacturer shall give

the purchaser ample notice of the time and place of designated tests.

If the purchaser's representative is not present at this time and a new

date is not set, the requirement for purchaser's inspection at the place

of testing is waived. When the purchaser's representative is present at

the appointed time and place, the manufacturer shall afford him, without
charge, all reasonable facilities to assure that the material is being

furnished in accordance with this specification. This inspection shall

not interfere unnecessarily with production operations.

4.6.3. Methods of Inspection

4.6.3.1. Radiographic. Whenever specified, the product shall be radio-
graphed and determined sound as described in AMS 2635, "Radiographic

Inspection." The radiographs and product shall be identified so the

exact position of each radiograph can be correlated with the specific

area on the particular product.

4.6.3.2. Ultrasonic. Unless otherwise agreed to by the purchaser and

the vendor, the material shall be inspected ultrasonically.

4.6.3.2.1. Method and Equipment. The finished products shall be ultra-

sonically inspected by the immersed technique at 5 mc or above. Trans-

ducers shall be no larger than 0.75-inch diameter..Surface finishes

shall be no rougher than 125 rms. Inspection shall be by longitudinal

wave and by shear wave in two perpendicular directions, i.e., longitudinal

and transverse. For round bar and rod, inspection shall be with focused

transducers appropriate to the diameter being inspected (360 degree

transducers are allowable where appropriate). For bar and rob automatic

equipment which traverses a spiral path is satisfactory; but three tra-

verses shall be made, one with the transducer in the circumferential
shear position, one with the transducer in the axial shear position, and

one with the transducer in the longitudinal wave po§ition, unless other-

wise specified. A reflector may be used for thin sheet, if desired, but

is not required.

4.6.3.2.2. Calibration of Bar_ Rod_ and Plate. Calibration shall be on
notches and holes in a segment of the material reserved solely for cali-

bration purposes or in a calibration specimen of similar nature and shape.
The depth of the notches shall be 3% of the plate thickness, 1.5% of the

bar or rod diameter_ or 0.005 inch, whichever is smaller; the width, no
greater than depth; the length_ greater than beam width. The notches shall

be placed perpendicular _o the direction of the shear wave beam and per-

pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches a O.020-inch diameter hole shall be made

in the calibration piece parallel to the surface at a distance from the
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surface of 1/2 the thickness or diameter orj if the thickness exceeds

0.750 inch_ 1/4, 1/2_ and 3/4 the thickness. Calibration settings to

achieve 80% amplitude of these notches or holes along with the magnitude

of the other applicable calibration defects shall be recorded. For

example, on plate with shear wave the notch on the near surface should

be set at 80% and the amplitudes recorded for the indications from the

hole and the notch on the far surface. Gain settings should be recorded

to achieve 80% as above and 80% on each of the other applicable calibra-

tion defects. For longitudinal wave 3 only the O.020-inch diameter holes 3
with additional holes at 1/4 and 1/2 the thickness if the thickness

exceeds 0.750 inch, shall be used for calibration.

4.6.3.2.3. Calibration of Sheet and Strip. Calibration for longitudinal

beam shall be accomplished by setting some convenient multiple or reflected

signal at 100% after having established that the beam is perpendicular to

the surface. Sensitivity shall be assured by detecting an O.086-inch

diameter flatbottom hole drilled approximately half way through the thick-
ness of the sheet.

The sheet shall also be inspected by a shear wave beam pointed in both
longitudinal and transverse directions. Calibration shall be done on

notches cut perpendicular to the direction of the beam in pieces of sheet

of the same material and thickness as that to be inspected. If that

portion is later trimmed and scraped_ the calibration notches may be made

on a section of the actual sheet. The depth of the calibration notches

shall be 3% of the sheet thickness; width, no greater than the depth;
length_ no more than 1 inch. All notches shall be at least 1 inch from

the edge of the sheet. Duplicate notches may be made on the opposite
face of the sheet in locations where the sound beam will not intersect

both notches in a single traverse, or the sheet may be turned over during
calibration to determine the relative response from the calibration notch

on both the incident and far side of the sheet.

Transducers for the shear wave inspection shall be focused, preferably

cylindrically, to a beam no more than 0.125 inch wide in its smaller
dimension (where it enters the sheet being inspected). Cylindrically-

focused transducers shall not exceed 2 inches in length. The focal

distance shall be adjusted when the transducer is beamed perpendicular to
the surface of the calibration sheet; then this focal distance shall be

maintained throughout the actual inspection. After the focal distance is

established; an appropriate shear wave angle shall be set and the calibra-
tion notch indication shall be set at 80% on the indication where the

sound beam traverses one or two thicEnesses of the sheet (depending on
whether the notch is on the far side or incident side of the sheet).

The calibration notch shall be detected when it is on both the incident

and the far side of the sheet. If there is any difference in the lndl-

cation_ that gain setting giving an 80% indication from the side which
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produces the smaller indication shall be used for inspection. Calibration

shall be done before and after the ultrasonic inspection or at the begin-

ning and end of each work shift. If the magnitude of indication from the

calibration notch differs 10% or more from the previous calibration, all

sheet material inspected since then shall be relnspected.

4.6.3.2.4. Evaluation. Evaluation during inspection shall be made

against the appropriate calibration defect. For example, on plate with

shear wave, the defects on or near the far surface shall be compared to

the calibration from the far surface notch; defects near the center shall

be compared to the calibration from the hole at the appropriate depth;

defects on the near surface shall be compared to the calibration from

the near surface notch.

4.6.3.2.5. Reporting. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitudes and gain settings_

and the amplitude and location of each defect whose amplitude is 609 or

greater.

4.6,3.2.6. Rejection. The above procedure shall be followed, and indi-

cations of defects which exceed the magnitude obtained from the appropriate

calibrated notch in the sample shall be cause for rejection, unless

otherwise agreed by the purchaser and vendor. Inspection results shall

be reported to the purchaser.

4.6.3.3. Penetrant Inspection. Whenever specified, the exterior surface

of the product shall be penetrant inspected and found free of flaws using

AMS 2645, "Fluorescent Penetrant Inspection," or AMS 2646, "Contrast Dye

Penetrant Inspection." All parts thus inspected shall be marked with

ink stamps as described in the specification; impression stampings or

etching shall be unacceptable.

4.7. Reports. The manufacturer shall supply at least three copies of

a report showing test results for each lot of material in the shipment.

The report shall also include the number of the specification and the

purchase order or contract number.

4.8. ReOection. Material not conforming to this specification or to

authorized modification shall be subject to rejection. Unless otherwise

specified_ rejected material may be returned to the manufacturer at the

manufacturer's expense if the purchaser does not receive other instruc-

tions for disposition within three weeks after notice of rejection.

4.9. Referee. If the manufacturer and the purchaser disagree about the

conformance of the material to the requirements of this specification or

any special test specified by the purchaser_ a mutually acceptable

referee's test shall be used to determine conformance.
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5.1. Identification. Each bundle, box, or carton shall be legibly and

conspicously marked or tagged with the number of this specification,

purchase order or contract number, type_ ingot number, lot number_

nominal size, and the gross_ net, and tare weights. When each bundle,

box or carton consists of components from more than one ingot number or

lot number, each component shall be identified individually.

5.2. Packing. All material shall be packed in a manner assuring safe

delivery when properly transported by any common carrier.

6. DEFINITIONS.

6.1. Rod. Any straight product with a round, hexagonal, or octagonal

solid cross section_ 3 1/2 inches in diameter or less, or equivalent
cross section.

6.2. Bar. Any straight product with a rectangular cross section 0.187

inch or more thick and less than 5 inches wide, or with a square cross
section not conforming to the definition of wire.

6.3. Plate. Any product over 0.187 inch thick and 5 or more inches

wide.

6.4. Sheet. Any product under 0.187 inch thick and 5 or more inches
wide.

6.5. Strip. Any product less than 0.187 inch thick and less than 5
inches wide.

6.6. Lot. All material of the same size, shape_ condition, and finish

on an order produced from one or more ingots and annealed in the same
vacuum annealing charge.

6.7. Check Analysis. An analysis made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to

verify the composition within a heat or lot. Check analysis tolerances

do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemical

content.

6.8. Significance of Numerical Limits. For determining compliance with

the specified limits for requirements of the properties listed below, an
observed value or a calculated value shall be rounded off using the rounding-

off method in ASTM Designation E29-58T, "Recommended Practices for Desig-
nating Significant Places in Specified Limiting Values."
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Chemical composition and

dimensional tolerances

(when expressed decimally)

Tensile strength

Elongation

Rupture Life
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Rounded-Off Unit for

Observed or Calculated Value

Nearest unit in the last

right-hand place of figures

of the specified limit

Nearest i00 psi

Nearest i%

Nearest 1/2 hour
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Amendment No. 1. Change paragraphs 3.3.1. through 3.3.3. and Table I

of SPPS-1B to limit the hydrogen content to 10 ppm, maximum.

Amendment No. 2. Change paragraph 3.5.2. of SPPS-1B to require that

the chemical analyses of the stress-rupture specimen after test shall

demonstrate that the degree of environmental contamination did not

exceed the following limits: total increase in oxygen plus nitrogen

content--less than 100 ppm; increase in hydrogen content--less than 5

ppm; increase in carbon content--less than 10 ppm. The following limits

shall apply to the analytical results:

Carbon ± 10 ppm

Oxygen .± 50 ppm

Nitrogen ± 50 ppm

Hydrogen ± 2 ppm

Amendment No. 3. Add to paragraph 3.4.1. of SPPS-1B the requirement

that all lnprocess annealing and final annealing shall be conducted in
a vacuum with the pressure less than 1.0 x 10 -4 torr.

Amendment No. 4. Add to parsgraph 3.4.1. of SPPS-1B the requirement that
the semiftnished and finished Cb-lZr products shall be wrapped with two

layers of 0.002 to O.O05-1nch thick, tantalum_ columblum_ or Cb-lZr

foil for the purpose of providing additlonal protection from contamination

during anneallng in a vacuum (pressure less than 1.0 x 10 -4 torr).
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ROD; SHEET_ PLATE AND STRIP: COLUMBIUM - i% ZIRCONIUM
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BAR_ ROD, SHEET_ PLATE AND STRIP:

COLUMBIUM - I% ZIRCONIUM - CONTINUED

DATE

4-19-65

|
PAGE 2 OF 2 I
110.

01-0003-03-B

1. Only the following paragraphs of specification no. 01-0003-02-B are

applicable:

3.1.

3.2.

3.3.

3.3.1.

3.3.2.

3.4.1. (Final Anneal Only)
3.7.1.

3.7.3.

2. Only amendments i_ 3 and 4 are applicable.

All items shall be clearly identified with the revised specification number.
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SPECIFICATION

BAR; ROD t SHEET_ PLATE AND STRIP: COLUMBIUM-I% ZIRCONIUM

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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BAR_ ROD_ SHEET_ PLATE AND STRIP:

COLUMBIUM- I% ZIRCONIUM - GONTINUED

DATE

4-19-65

|
PAGE 2 OF 2
NO.

01-0003-04-B

The following exceptions to specification no. 01-003-02-B are applicable.

Paragraph 3.3.1. Ingot/Billet Composition is changed to read: The chemical

composition of ingots and billets for conversion to finished products shall conform to

Table I (page four). A minimum of four analyses shall be obtained as follows: ingot/

billet top-center_ mid-radius and edge; ingot�billet bottom-center. All analyses must

conform to ranges stated in Table I.

Paragraph 3.5.2. Stress-Rupture requirement is deleted.

paragraph 4.3. Stress-Rupture requirement is deleted.

Paragraph 4.4. Number of Tests required is changed to read:

Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Paragraph 4.6.3.1. Radiographic requirement is deleted.

Paragraph 4.6.3.3. Penetrant Inspection is specified.

Paragraph 6.6. Lot is changed to read: All material of the same size_ shape_

condition and finish produced from one ingot and which has received the same process-

ing_ has been annealed in the same vacuum annealing charge and has been processed

simultaneously in all operations in which the temperature may reach 500°F or above.

When processing temperatures are closely controlled or when closely adjacent sizes

receive similar processing, lots may be combined for chemical and tensile tests

only_ provided prior written approval has been obtained from the purchaser.

Only amendments ij 3 and 4 are applicable.

All items shall be clearly identified with the revised specification number,
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SPECIFICATION

SEAMLESS TUBING: COLUMBIUM-I% ZIRCONIUM ALLOY

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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SPPS-2B

30_,August 1963
Page 2 of 14

1. SCOPE

iGENERAL ELECTRIC COMPANY

•RE-ENTRY SYSTEMS DEPARTMENT

SPACE POWEK AND PROPULSION SECTION

SPEC_ICATION ,_

SEAMLESS TUBING; _)LUMBIUM - 1% ZIRC ONIUM ALLQY
!iI;! ......

1. I. Scope. This specification covers seamless tubing of reactor grade _

columbtum - 1% zirconium alloy.

2. APPLICABLE DOCU]_ENTS

i

2. I. Government Documents. None.

2.2. Non-Government Documents

ASTM Designation B

(Tentative)

(23 August 1961)

Golumbium Alloy Ingots

ASTM Designation E8-57T

(12 December 195.7)

Methods of Tension Testing

of Metallic Materials

ASTM Designation

(Pendtng)

Methods for Chemical Analysts of

P_ea_or End Commercial Columbium

ASTM Designation E29-58T

(1958)

Recommended Practices for

Designating Significant Places

in. Specified ,Limiting Values

AMS 2635

(15 August 1958)

, Radiographic Inspection

AMS 2645

(1 March 1955)
"Fluorescent Penetrant Inspection

AMS 2646

(1 March• 1955)
" Contrast Dye Penetrant

Inspection
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3. _QVn_MENTS

3.1. Acknowledgments. The vendor shall mention this specification in all

quotations and all purchase order acknowledgments.

3, 2. Manufacture. Matert_1 covered by this specification shall be made

from ingots conforming to ASTM Designation B, tentative specification for

columbtum alloy ingots. Th_se ingots may be produced by fusion, powder

metallurgy methods, or other _uttable means which will allow processing

the consolidated metal into .various basic shapes.

3.3. Chemical Composition

3, 3. I. Ingot/Btlle_ Composit_0n. The chemical composition of ingots and

billets for conversion to finished produots shall conform to Table Io (Refer

to page 4.)

3.3.2. FinaiProduct Composition. The manufacturer's ingot analysis shall

be considered the chemical analysts for products supplied under this speci-

fication; except carboni oxygen, nitrogen, and hydrogen content shall be

determined in the finished products and shall cgnf0rm to the requirements in

Table I. (Refer to page 4 .)

3.3.3. Cheak Analysts. Upon check analysis final product compositions

shall not excbed the folioWlng-Rrrdts or variations:

Element

Check Analysis

Limits, Max,

(ppm)

PermtssiSle Vartaflc#ns'

in Check Analysis

(ppm)

Carbon 100 + i0

Oxygen 300 + 50

Nitrogen 300 + 50

Hydrogen 15 2 2

3.4. Condition

3.4. I. Processlnq. Unless otherwise stated by the purchaser, after a final

reduction of 20-40% the finished product shall be annealed for one hour at

22000F in a vacuum. Before the final 20-40% reduction the semifinished pro-

duct shall be vacuum annealed for one hour at 2200°F regardless of the pre-

vious tnprocess anneals. As an alternate, vacuum annealing at 1800°F for

-75-
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CHEMICAL,COMPOSITION
REACTORGRADECb-lZr

Element

Maximum Content

(ppm)

' Carbon

Nitrogen

Oxygen ,

Hydrogen
Zirconium

Iron

Tantalum

Titanium

Silicon

I00

•300

-300

15

O. 8- t.2% (range)

500

I000

500

. 300

Boron

Tungsten

Molybdenum

-Aluminum

Beryllium

k.Cadmium

-.Chromium

Cobalt

_Copper

Lead

Lithium

Magnesium

• Manganese

Nickel

Tin

•Vanadium

Ytterbium

Zinc

Uranium

Hafnium

:..Calcium

• -- Sodium

•- Chlorine

- Columbium, by difference

2

500

1000

5

30

5O

100

200

2OO

100

98.5% rain

SPPS-2B I

30 August 1963:

Page 4 of 14 I
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., Requirements I
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on hour before the final 20-40% cold reduc'tion' is permissible proVided_the

material has been cold-reduced at least 75% after the previous inprocess

anneal.

3, 4.2. Microhardness. After heat treatment the material shall be sectioned

arid a representative_ sample shall be examined rneta!lographically for evidence

of possible contamination caused by unsatisfactory heat-treating atmosphere.

A microhardness traverse shall not show a hardness gradient over 50 VHN

points from the center to the surface of a cross-sectional sample of the

material.

3.4.3. Grain Size° Unless otherwise agreed to by the purchaser and the

vendor, the grain size of the finished product shall be such that at least

thirty grains are intersected by a traverse through the wall thickness of the

tube, and the length of grains, in the direction of the tube length, shall not

exceed 0.05 inch or the wall thickness of the tube, whichever is smaller.

3.5. Mechanical Properties

3;5.1. Room Temperature Tensile Strenqtho The following property limits
shall not be exceeded on longitudinal specimens (or transverse where prac-

ttcal) at test temperatures of 65°F - 85°F.

Tensile Strength Yield Strength

(psi) (0.2%, psi)

Elongation

(2-inch .gauge, %)

75,000 max 60,000 max I0 min

3.5.2. Stress-to-Rupture Test. The material in final form shall be capable

of achieving the following stress-rupture life under suitable environmental

conditions:

Test Temp Stress Minimum Life

(OF) (psi) (hours) ....

2000 10,000 25

After the stress-rupture test check analyses of the specimen shall not exceed

-7?-
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the following limits:

Element
Check Analysis Limits

(ppm)

Carbon 150

Oxyge n 400

Nitrogen 400

Hydrogen !5

3.5.3. H.ydrostatic Test. When agreed to by the purchaser and the vendor,

each tube, 1/8 inch or larger in outside diameter with a wall thickness of

0. 015 inch or over, shall be tested to a hydrostatic pressure sufficient to

produce a fiber stress of 12,000 psi. The test pressure, not to exceed

10,000 psi, shall be determined by the equation( P = 2St/D), where:

P : hydrostatic test pressure in pounds per square inch;

S "- 12,000 psi;

t = average wall thickness of the tube in inches;

D = outside diameter of the tube in inches.

3.5.4. Flare Test. A section of the heat-treated tube shall be capable of

being flared without cracking. The flare shall be made with a tool having a

60-degree included angle until the specified outside diameter has been increased

by 15%.

3.5.5. Hardness Tests. Rockwell hardness tests shall be made on the inside

of a specimen cut from the tubes having a wall thickness greater than 0.01 5

inch. The tube shall have a Rockwell hardness number not exceeding B-90 in

the heat-treated condition.

3.6. Tolerances

3.6. I. Diameter and Wall Thickness° The permissible variations in diam-

eter and wall thickness of tube shall not exceed those prescribed in Table II.

(Refer to page 7 .)

3.6_ 2. Length° When tube is ordered cut-to.-lerigth.;,the usable length shell not

be less than that specified, but a variation of plus I/8 inhh will be permitted

in lengths up to 6 feet. In lengths over 6 feet a variation of plus I/4 inch will

be permitted, unless otherwise specified.
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TABLE II

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Nominal OD (1) OD (2) ID (3) Wall

(inche s) •(inch] (inch) Thickne s s (4_

(%]

0. 187 to but not incl 0.1625

0. 625 to but not incl 1. 000

1. 000to but not incl 2.000

2. 000 to but not incl 3. 000

3. 000 to but not incl 4.000

-+0.004 +-0.004 +-10
+ + +
- 0.005 - 0.005 - 10

+ 0. 0075 +-0. 0075 +-10

+ 0.010 + 0.010 t 10

+ 0. 0125 + 0. 0125 + I0

(1)

(2)

(3)

(4}

Tolerances are applicable to only two dimensions, e.g., outside

diameter andwall; inside diameter and wall; outside diameter and

inside diameter.

For tolerances applicable for very small tubes (less than 0. 187-inch

diameter) or very thin-wall tubes (less than 0. 010 inch thick], the

producer shall be consulted.

For tubes having •an inside diameter less than 60% of the outside

diameter or a wall 3/4 inch or over thick, which cannot be suc-

cessfully drawn over a mandrel, the•Inside diameter may vary by

an amount equal to plus or minus 10% of the wall thickness. The

wall thickness of these tubes may vary plus or minus 12.5% from

that specified.

Ovality measured at any cross section:: For tubes with nominal

wall thickness less than 3% of the nominal outside diameter, the

ovality tolerances are double the tolerances in column 2 or 3.

•For ovality tolerances for tubes with wall thickness less than 2%

nominal outside diameter, the producer shall be consulted.
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3.6. 3. Straightness. The tube shall be free of bends or kinks. For lengths

_p to 10 feet the maximum bow shall not exceed one part in 1Z00; for lengths

greater than I0 feet the maximum bow shall not exceed one part in 600, un-

less otherwise agreed upon.

3.7. Maximum Allowable Discontinuities.

3.7. I. General. Cracks, laps, seams, fins, and tears shall be unacceptable.

The surface shall also be free from oxide or scale of any nature, grease, oil,

residual lubricants, or other extraneous material.

3. 7.2. Porosity and Inclusions. Indications with diameters greater than

0.0g0 inch or 3% of the wall thickness, whichever is the smaller, shall be

unacceptable. Indications with diameters in the range of 0. 010 inch to

0.0Z0 inch or 1% to 3% of wall thickness, whichever is smaller, must be a

minimum of 0.50 inch apart; those indications with dimensions less than 0. 010

inch must be a minimum of 0. 12 inch apart.

3.7. _ Surface Rework. Defects less than 3% of the nominal wall thickness

may be removed by grinding provided the wall thickness is not decreased below

that permitted in Table II. {Refer to page 7. }

4. QUALITY ASSURANCE PROVISIONS.

4. i. Chemical Analysis.

4.1.1. Certification. The analysis made by the material manufacturer to

determine the percentage of elements stipulated in this specification shall be

reported to the purchaser in a specified certificate of test.

4.1. Z. Methods of Analysis. Chemical analyses shall be conducted by mutually

acceptable procedures, such as the vacuum fusion methods for gases, the combus

tion method for carbon, and the spectrochemical methods for metallic elements.

Disputes shall be settled by accepted referee methods, such asthe ASTM

"Methods for Chemical Analysis of Reactor and Commercial Columbium".

4. Z. Tensile Test.

4.2. 1. Sample Selection. Care shall be exercised to insure that the sample

selected for testing is representative of the material and uncontaminated by the

sampling procedure. If there is any question about the sampling technique or

the analysis, the methods for sampling and analysis shall be those agreed to

by the buyer and seller.
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4o 2.2. Test Methods. The tension test shall be performed in accordance with

"Methods of Tension Testing of Metallic Materials," ASTM Designation E8-57T.

Yield strength shall be determined by the offset {0°2%) method° The tensile

properties shall be determined using a free crosshead speed of 0.05 plus 0.02

inch per inch of gauge length per minute throughout the test. The specimen,

whenever possible, shall be a full cross section.

4.3. Stress-Rupture Test

4.3. I. 'Necessity of Test. When agreed between the purchaser and the vendor,

stress-rupture properties of specimens from each heat of material shall be deter-

mined by testipg according to mutually agreeable techniques.

4o 3. 2. Test Techniques. Suggested testing techniques for determining stress-

rupture properties are:

Specimens shall be tested in a vacuum of I0 -6 torr or

better.

Specimens shall be wrapped in tantalum or zirconium toll

to minimize contamination.

Specimens shall be held for a half hour at the test_temper-

ature before application of load.

Test temperature shall be maintained at plus or minus 10OF

during the test.

4.4. Number of Tests Required. Representative test specimens from each lot
or ingot of material, whichever is larger shall be taken to determine conformity

to this specification. The minimum frequency of these tests shall be:

Finish product chemistry - one each per lot or ingot

Tens'ile test - two per lot or ingot

Stress-rupture test -two per lot or ingot

Flare test -two per lot or ingot

Hydrostatic proof test - 100%.

4.5. Retest and Rework

4.5. I. Surface Contamination. Any sample or specimen exhibiting obvious

-81 -
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surface contamination or improper preparation which dr;qualifies it as a truly

representative sample shall be repla ed with a new sample.

4.5.2. • Rework. If inspection and test results of a lot do not conform to the

requirements of this specification, tl_elot may be reworked at the option of

the manufacturer. The lot shall be acceptablelf all test results, after rework-

Ing, conform to this specification.

4.6. Inspection

4.6. I. Vendo r Responsibility. The manufacturer shall make all tests and

inspections of the material covered by this specification before shipment

unless otherwise specified. All test and inspection results shall be furnished

to the purchaser.

4.6o 2. Customer Review. The purchaser or his representative may witness

the testing and inspection of the material. The manufacturer shall give the

purchaser ample notice of the time and place of designated tests. If the

purchaser: s,representative is not present at this time and a new date is not

set, the requirement for purchaser's inspection at the place of testing is waived.

When the purchaser's representatlve is present at the appointed time and place,

the manufacturer shall afford him, without charge, all reasonable facilities to

assure that the material is being furnished in accordance with this specification.

This inspectio N shall not interfere unnecessarily with production operations.

4.6.3. Methods of _nspection

4.6.3. I° Radlographic.. When specified, the product shall be radiographed and
determined sotlnd as described in AMS 2635, "Radiographic Inspection/" The

radiographs and product shall be identified so that the exact position of each

radiograph can be correlated with the specific area on particular product.

4.6. 3.2. Penetrant Inspection. When specified, the exterior surface of the

product shall be penetrant inspected and found free of flaws using AMS 2645,

"Fluorescent Penetrant Inspection, " or AMS 2646, "Contrast Dye Penetrant

Inspection. " All parts thus inspected shall be markedwith ink stamps as

described in the specification; impression stampings or etching shall be unac-

ceptable.

4.6.3.3. Ultrasonic Inspection. Unless otherwise agreed to by the purchaser

and the vendor, the material shall be inspected ultrasonically.

-82-
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4.6.3. 3._I. Method and Equipment. Ultrasonic inspection shall be by the

immersed technique at 5 mc or higher frequency using focused transducers.

Inspection shall be by longitudinal wave and by both circumferential and

axial shear techniques, unless otherwise specified. For longitudinal wave

technique and for circumferential shear, transoucers up to 2 inches long may

be used with or without automatic equipment to rotate the tube past the trans-

ducer. If spiral pattern inspection traverse is not used, steps must be taken

to assure that the ultrasonic beam remains in the same position relative to

the tubing so the beam-to-tubing angle remains cortstanto P_,Aaxial (longi-

tudinal) shear, transducers must have no greater than 0.5 inch axial length.

Transducers must be cylindrically focused for a diameter range which includes

the tubing on which it is to be used.

4.6o 3.3.2. Calibration. Calibration shall be on notches,(a total of four, two

axial and two circumferential), cut in the tube on both the outside and inside

surface unless otherwise specified. The depth of the notches shall be 3% of

the wall thickness; the width, no greater than depth; the length, at least that

of the ultrasonic beam wlth a maximum length of I inch. Focusing shall be

done to maximize the indication from the inside diameter notch placed properly

for the type of inspection contemplated. After focusing is completed, the

inside diameter indication shall be set at 80% and gain setting recorded.

Gain setting for 80% on the outside diameter notch shall also be recorded.

Inspection shall be at the gain setting for the inside diameter indication. A

distance corresponding to the wall thickness shall be marked on the oscil-

loscope. Focal distance to the part to be inspected shall be set to that'used

for the calibration piece before beinnlng inspection. Calibration shall be done

both before and after the inspection or at the beginning and end of each work

shift. If calibration has changed (gain change greater than I0%), all inspec-

tions since the previous calibration shall be repeated.

4.6.3.3.3. Rejection. Rejection shall be by any indication which exceeds

the amplitude of the respective calibration indication; i.e., inside diameter

defects shall be compared to the indication from the notch on the inside diam-

eter, and outside diameter defects shall be compared to the indication from the

notch on the outside diameter. Defects less than half the thickness from the

surface or less than 0o 150 inch from the surface, whichever is smaller, shall

be compared to the outside diameter calibration indication. Defects more

than half the thickness from the incident surface or more than 0,150 inch from

the surface shall be compared to the indication from the inside diameter call-

bration notch. Defects whose amplitude is 60% or greater shall be reported

giving axial and circumferential location and distance from the surface.
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4.7. • Reports. If requested, the vendor shall supply at least three copies of

a report whlch shows the results of tests performed on each lot of material

in the shipment and includes the number of the specification and the purchase

order or contract number.

4.8. RejeCtion. Material not conforming to this specification or to author-

tzed modification shall be subject to rejection. Unless other,vlse specified,

rejected material may be returned to the manufacturer at the manufacturer's

expense if the purchaser does not receive other instructions for disposition

within three weeks after notice of rejection.

4.9. _ Referee. Ifthe manufacturer and the purchaser disagree concerning the

conformance of the material to the requtrements of this specification or any

special test specified by the purchaser, a mutually acceptable referee's test

shall be used to determine conformance.

5. PREPARATION FOR DELIVERY

5.1. Identification. Each bundle, box, or carton shall be legibly and con-

spicuously marked or tagged with the number of this specification, purchase

order or contract number, type, ingot number, lot number nominal size, and

the gross, net and tare weights. _When each bundle, box or carton consi'sts

of components from more than one ingot number or lot number, each component

shall be-identified individually°

5.. 2. Packing.. All material shall be packed tna manner assuring safe delivery

when properly transported by any common carrier.

6. DEFINITIONS

6.1. Lo__i.All material of the same size, shape, condition, and finish on an

order produced from one or more ingots and annealed in the same vacuum

annealing charge.

6.2. Check Analysis. An analysis either made or requested by the purchaser

of the metal after it has been processed into finished mill forms for the purpose

of verifying the composition within a heat or lot. Check analysis tolerances

do not broaden the specifled heat analysis requirements but rather cover varia-

tions between laboratories in the measurement of the chemicai content.

6.3. Significance of Numerical Limits. For determining compliance with the

specified limits for requirements of the properties listed below, an observed
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value or a calculated value shall be rounded off using the rounding-off method

in ASTM De signation E29- 58T, "Recommended Practlces for De signating: Sig-

nificant Places in Specified Limiting Values. "

Test

•Rounded-Off Unit for

Qbserved or Calculated. Value

Chemical composition and

dimensional tolerances

(when expressed decimally)

Nearest unit in the last

right-hand piace of figures

of the specified limit

Tensile strength

Elongation

Rupture life

Nearest I00 psi

Nearest I%

Nearest I/2 hour

_85
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Amendment No. 1. Change paragraphs 3.3. 1 through 3.3. 3 and Table I

of SPPS-ZB to limit the hydrogen content to 10 ppm, maximum,

Amendment No. Z. Change paragraph 3.5. Z of SPPS-ZB to require that the

chemical analyses of the stress-rupture specimen after test shall demon-

strate that the degree of environmental contamination did not exceed the

following limits: total increase in oxygen plus nitrogen content--less than

100 ppm; increase in hydrogen content--less than 5 ppm; increase in car-

bon content--less than 10 ppm, The following limits shall apply to the

analytical results:

Carbon + 10 ppm

Oxygen

Nitrogen
+
i

+
Hydrogen -_

50 PPm.

50 ppm

2. ppm

Amendment No. 3. Add to paragraph. 3, 4. 1 c_f SPPS-ZB the requirement
_o_ess annealing and final @r_ne_l_ing ShaI"l be conducted in a vacuum

with the pressure less than l. 0 x 10 _ tort. ' k

Amendment No, 4. Add to paragraph 3, 4. 1 of SPPS-ZB the requirement that

the semifinished and finished Cb-1Zr products shall be wrapped with two layers
of 0. 002 to 0. 005-inch thick, tantalum, columbium, or Cb-1 Zr foil for the

purpose of providing additional protection from contamination during annealing
in a vacuum (pressure less than 1.0 x 10 -4 tort).
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J,NO.

01- 0004-03-B2

=.
SEAMLESS TUBING: COLUMBIUM - 1% ZIRCONIUM ALLOI(3DNTINUED

DATE

4-19-65

The following exceptions to specification no. 01-0004-02-B are applicable:

Paragraph 3.3.1. Ingot/Billet Composition is changed to read: The chemical

composition of ingots and billets for conversion to finished products shall conform to

Table I (page four). A minimum of four analyses shall be obtained as follows: ingot/

billet top-center, mid-radius and edge; ingot�billet bottom-center. All analyses must

conform to ranges stated in Table I.

Paragraph 3.5.2. Stress-Rupture requirement is deleted.

Paragraph 4.3. Stress-Rupture requirement is deleted.

Paragraph 4.4. Number of Tests Required is changed to read:

Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Flare Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Hydrostatic Proof Test - 100%

Paragraph 4.6.3.1. Radiographic requirement is deleted.

I

I

I

I

!

I

I
Paragraph 4.5.3.3. Penetrant Inspection is specified. I

Paragraph 6.1. Lot is changed to read: All material of the same size, shape_

condition and finish produced from one ingot and which has received the same processing, l

has been annealed in the same vacuum annealing charge and has been processed simultane-

ously in all operations in which the temperature may reach 500°F or above. When processin

temperatures are closely controlled or when closely adjacent sizes receive similar process-

ing, lots may be combined for chemical and tensile tests only, provided prior written I

approval has been obtained from the purchaser. i

Only amendments i_ 3 and 4 are applicable.

All items shall be clearly identified with the revised specification number.
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SPECIFICATION

BAR AND ROD: Mo-TZM (Mo-0.5Ti-0.08Zr) ALLOY

I. SCOPE

I.i. Sc___. This specification covers Mo-TZM (Mo-0.5Ti-0.08Zr) alloy in bar

and rod form intended for high temperature structural applications in alkali

metal systems.

1.2. Classes.

2. APPLICABLE DOCUMKNTS

2.1,

2.2.

SPPS-15A-R1

SPPS-15B-R1

Government Documents. None.

Non-Government Documents

ASTM Designation E8-57T

(26 December 1957)

ASTM Designation E29-58T

ASTM Designation EI12-61

(1961)

AMS 2635

(15 August 1958)

AMS 2645

(i March 1955)

AMS 2646

(i March 1955)

3. REQUIREMENTS

3.1. Acknowledgments.

Recrystallized

Stress-Relieved

Methods of Tension Testing of

Metallic Materials

Recommended Practices for Desig-

nating Significant Places in

Specified Limiting Values

Estimating Average Grain Size

of Metals

Radiographic Inspection

Fluorescent Penetrant Inspection

Contrast Dye Penetrant Inspection

The vendor shall mention this specification in all

quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material cc,vered by this specification shall be

made from ingots which have been vacuum melted by the electron beam

and/or consumable electrode arc melting processes, Breakdown opera- :

tions shall be performed with conventional extrusion, forging and

rolling equipment normally found in primary ferrous and nonferrous plants.

3.3. Processing._ The starting stock size_ processing temperatures,

percentages of reduction and in-process and final annealing, aging or

stress-relieving temperatures and _imes shall be selected by the vendor

to achieve the structure or grain size range specified in paragraph 3.6.

and mechanical properties specified in paragraph 3.7. The amount of

total reduction from the turned ingot to the final products of Classes

A and B shall exceed 75%; the amount of final reduction imparted to

mill products of Class B since the last recrystallization anneal and

prior to the final stress-relief heat treatment shall not exceed 80%o

The amount of final reduction for each mill product, imparted just

prior to the final vacuum heat treatment and the total reduction since

I the previous recrystallization anneal_ shall be reported in the cer-
tificate of compliance.

!

!

3.4. Condition

3.4.1. Class A. The finished product shall be supplied in the re-

crystallized condition throughout the cross-sectional area to the grain "

size range specified in paragraph 3.6.

I
I

I
I
I

I
I

3.4.2. Class B. The finished product shall be supplied in the stress-

relieved condition throughout _he cres_-sectional area as specified in

paragraph 3.6.

3.4.3. Heat Treating. All heating shall be carried out in a vacuum

less than i x 10-4 torr or in a hydrogen atmosphere with a dew point

of less than -100°F. All mill produces to be heat treated sha!l be

thoroughly degreased, chemically cleaned and protected from the furnace

parts by an appropriate refractory metal layer. The conditions of

final heat treating shall be reported in the certificate of compliance.

3.4.4. Surface Contaminaticn_ All items are to be free of contamin-

ation or internal oxidation determined by the following technique: re-

presentative samples of each bar diameter shall be subjected to thermal

treatment sufficient to induce approximately 80% recrysta!lization

throughout the core of the cress-sectional area. !ndica_ions of in-

hibited recrystallization at or near the surface by metailographic

examination of transverse sectio_ of heat treated samples shall be

I -91-
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• !construed as contamination and be cauae fo_ re_e_tion of all ma_ez:ial

represented by that sample. The material shall be acceptable if the

contaminated layer is completely eliminated before shipment by a machin-m

•ing operation within the specified dimension and tolerances. _|

3.5. Chemical Composition

3.5.1. InKot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table A

I (page 5). A minimum of four analyses shall be obtained as follows: |
• ingot top-center, mid-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I. I

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analysis for products supplied under |
this specification (Table I) except carbon, oxygen, nitrogen and hy- M

drogen content which shall be determined in the finished product.

3,5.3. Check Analysis. Finished product analysis shall not exceed

the following limits or variations:

Elemen%

Check Analysis

Limits: Max., ppm

Permissible Variations

in Check Analysis, ppm

Carbon i00 min; 400 max ± 50

I
I

I

/

Oxygen

Nitrogen

Hydrogen

3.6. Structure

3.6_1. Class A.

to the following limits:

Product Diameter

or Thickness_ Inches

0. 125 to 0.250

Over 0..250 to 0.500

Over 0.500 to 1.0

Over.l.0 to 2.0

Greater Than 2.0

25 + 5

15 + 2

5 + 2

The grain:size of:the :final products shall conform

Minimum Allowable

ASTM Grain Size No.

4

4

4

4

, 3

I
I

I
I

-92-

Allowable Spread

in ASTM Grain Size % Rx I

Nos. in Any One Item Minimum
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2 i00

2 i00 I
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Element

Mo lyb denum

T it anium

Zirconium

Carbon

Oxygen

Nitrogen

Hydrogen

Tungsten

Silicon

Iron

Chromium

Tin

Nickel

Copper

Aluminum

Calcium

Manganese

Magnesium

Cobalt

Lead

Tantalum

Columbium

Vanadium

/

TABLE !

CHEMICAL COMPOSITION

Mo-TZM (Mo-0.5Ti-0.08Zr) ALLOY

Minimum Content

W/o

Maximum C ont ent

W/o

99.25

0.40

0.08

0_01

mR_

0.55

0.12

0.04

mmm

_m_

mm_

mn_

Du_

mmt

20

i0

5

120

80

80

25

40

20

20

20

20

20

20

20

I0

i00 •

I00

I00

-93-
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3.6_2. Class B.

to the followlng limits:

Product Diameter

or ThicknesS, |_ches

0 =o0

SPPS-15-RI

23 December
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The grainsize of the final product shall conform

Minimum Allowable

Equivalent ASTM

Grain Size No.

Perpendicular to

Direction of Work

% R x

Maximum

4 5

I

1964 1

!

I

I
I

!_, Over 0.250 to 0.500

i

Over 0.500 to 1.0

Over 1.0 to 2.0

4 5

4 5

4 5

Greater Than 2.0 3 5

3.7. Mechanical Properties. The final product shall satisfy the

following mechanical property requirements:

•3.7. I. Room Temperature Tensile Properties. Representative samples

of the material in final form shall be capable of the following prop-

erty limits at room temperature (65°-85°F).

I

I
I

Class

A

A

Diameter or

Maximum Distance

Between Parallel

Sides_ Inches

Less Than 2.0

Over 2.0 to. 4.5

Minimum

Ultimate Tensile

Strength, ksi

8O

75

Minimum

0.2% Yield

Strength, ksi

55

45

Minimum l

Elong., %

in 4D I

20

lo |

B 0.125 to 0.875 115 i00 18

B

z

_B

B

B

B

Over 0.875 to 1.125

Over 1.125 to 1.875

Over 1.875 to 2.875

Over 2.875 to 3. 500

Over 3. 500 to 4. 500

ii0

I00

90

85

80

95

85

80

75

70

15

i0

i0

5

5

-94-
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3.7.2. Room Temperature Hardness. Rod and bar supplied under this

specification shall conform to the following hardness requirements when

tested transverse to the final rolling direction.

Diameter or Maximum

Distance Between Parallel

Sides, InShes

Hardness Range

(DPH- i0 Kg. Load)

0.125 to 0.875

Over 0.875 to 1.125

Over 1.125 to 1.875

Over 1.875 to 2.875

Over 2.875 to 3.500

Over 3.500 to 4.500

260-320

250 -310

245-300

240 -290

235-285

230 -280

3.7.3. Stress-to-Rupture Tests. The material shall be capable of

achieving the following stress-rupture life under suitable environ-

mental conditions (see paragraph 5.4.3).

Test Temp. Minimum Life

Class OF Stress_ ksi Hours

A 2200 25 20

B 2200 40 20

Tolerances

Rolled, Swa_ed, or Drawn Rounds

3.8.1. I. Definition. Rod - 3.5 inches in diameter or less.

3.8.1.2. Diameter. The permissible variation indiameter and the

limits of out-of-roundness of descaled rounds shall not exceed those

in Table II (refer to page 8).

3.8.1.3. Cut LenKths. Maximum length variation shall be 0.25 inch.

3.8.1.6. Straightness.

/"foot in any length.

Maximum deviation shall be 0.050 inch per

13._.12. Square or Rectangular Bar

3.8.2.1. Definition. Bar - any straight product with a rectangular

cross-section 0.187 inch, or more thick and less than 5 inches wide.

-95-
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TABLE II

SSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR

Diameter

Variatian

Inch

Out-of-Roundness

Inch

_.Z_5 to 0.281

Over 0.281 to 0.406

Over 0.406 to 0.625

Over 0.625 to 0.875

Over 0.875 to 1.000

Over 1.000 ;to 1.375

Over 1.375 to 1.500

Over 1,500 to 1.625

Over 1.625 to 2.000

Over 2.000 to 2.500

Over 2.500 to 3.250

Over 3.250 to 3.500

+ 0.002, -0.002

+ 0'010, -0.005

+ 0.010, -0.006

+ 0.015, -0.005

+ 0.020, -0.005

+ 0.020, -0.010

+ 0.020, -0.015

+ 0.025, -0.015

÷ 0.030,-0.020

+ 0.032, -0.032

+ 0.032, -0.032

+ 0.045, -0.045

0.004

0.008

0.012

0.015

0.015

0.018

0. 020

0. 020

0.025

0.025

0.027

0. 040

Centerless Ground Rounds

0.0625 to 2.00

Over 2.00
+ 0.002, -0.002

+ 0.003, -0.002
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3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled

square and rectangular shapes shall have the following tolerances: !;

Thickness Length Width

+ 0.025 inch or + 5%, +
-- whichever is Tess

3.8.2.3. Straightness of Bar.

per foot in any length.

0.125 Inch + 0.125 Inch

Maximum deviation shall be 0.050 inch

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing

conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the speci-

fication and the purchase order or contract number.

4. }4AXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide

or scale of any nature, grease, oil, residual lubricants, and other

extraneous materials. Cracks, laps, seams, gouges, and fins shall be

unacceptable.

4.2. Porosity and Inclusions. Indications of internal porosity and

non-metallic inclusions greater than 0.020 inch or 3% of the thickness,

whichever is smaller, shall be unacceptable. Those indications in the

range 0.010 inch to 0.020 inch or 2% of the thickness or diameter, which-

ever is smaller, shall be a minimum of 0.500 inch apart; those indica-

tions less than 0.010 inch shall be a minimum of 0.12 inch apart.

4.3. Surface Rework. All surface pores, gouges, and other defects

deeper than 0.005 inch or 3% of the thickness, whichever is smaller,

shall be unacceptable. Surface imperfections may be faired smooth to

remove any notch effect provided dimensional tolerances are still main-

rained.

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all t_sts and

/inspections of the material covered by this specification before ship-

ment, unless otherwise specified. All test and inspection results shall

be furnished to the purchaser.

_97 ....
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5.2 Customer Review° The purchaser or his representative may witness

the testing and inspection of the material° The manufacturer shall give

the purchaser ample notice of the time and place cf designated tests°

If the purchaser's representative is nct present at this time and a new

date is not set_ the requirement for purchaser's inspection at the place

of testing is waived. When the purchaser's representative is present

at the appointed time and place, the manufacturer shall afford him,

without charge, all reasonable facilities to assure that the materfal is

being furnished in accordance withthis specification° The inspection

shall not interfere unnecessarily with production operations_

5.3. Sample Selection° Care shall be exercised to insure that the

samples selected for testing and chemical analyses are representative

of the material and uncontaminated by the sampling procedure° Samples

for the determination of mechanical properties shall be selected so as

to consume a minimum of material, ioeo_ specimens from mat:erial of Class

A may be taken transverse to the final working direction from bar of

sufficient width or from rod greater than 2 inches in diameter° If there

is any question about the sampling technique or the analysis_ the meth-

ods for sampling and analysis shall be those agreed to by the buyer and

seller. The location of test samples shall be reported in the certificate

of compliance.

5.4. Test Methods

5.4.1. Chemical Analxsis_ Chemical analyses shall be conducted by

mutually acceptable procedures_ such as the vacuum fusion methods for

gases, the combustion method for carbon_ and the spectrochemical meth-

ods for metallic elements. Disputes may be settled by accepted referee

methods.

5.4.2. Tensile Test. The tension test shall be conducted in accord-

ance with ASTM Designation E8-57T, "Methods of Tension Testing of

Metallic Materials." Yield strength shall be determined by the offset

(0.2%) method_ The tensile properties shall be determined by using a

strain rate of 0.005 inch per inch per minute up to 0.6% offset and

then 0.05 inch, plus or minus 0.02 inch_ per inch per minute to fracture°

5.4.3. Stress-Rupture Tests. Stress-rupture properties of specimens

shall be determined by mutually acceptable testing techniques° Sug-

gested testing techniques for determining stress-rupture properties

are :

9 8-
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Specimens Ishall be tested in a vacuum of i x 10 -5 torr or

better. _e vacuum system shall incorporate an optically

tight liquid nitrogen cold trap or a getter-ion pump.

Specimens 9hall be held for a half hour at the test temper-

ature befo_ application of load.

:: Test tempe ture shall be maintained at plus or minus 10°F

t during thet test.
.

I

i

I

I

5.4.4. Grain Siz% Grain size determinations shall be made according

to ASTM Specification EI12-61, "Estimating the Average Grain Size of

Metals."

5.5. Number of Tests Required, Representative test specimens from the

finished product representing each ingot and each lot of material shall

be taken to determine conformity to this specification. Theminimum

frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Grain Size - two per lot per ingot

I .6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-

I surface contamination or improper preparation which disqualifiesyious
zt as a truly representative sample shall be replaced with a new sample.

I

I

5.6.2. Rework. If inspection and test results of a lot do not conform

to the requirements of this specification, the lot may be reworked at

the option of the manufacturer. The lot shall be acceptable if all

test results, after reworking, conform to this specification.

I 5.7. Inspection

/5.7.1. Methods of Inspection

I 5.7_i.I. Radiographic. Whenever specified, the product shall be

radlographed and found free of porosity and inclusions as specified in

-99-
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paragraph 4.2 using the technique described in AMS 2635, "Radiographic

Inspection." The radiographs and product shall be identified so the

exact position of each radiograph can be correlated with the specific

area on the particular product.

5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger

shall be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. The finished products shall be ultra-

sonically inspected by the immersed techn_gue at 5 mc or above. Trans-

ducers shall be no larger than 0.75-inch diameter. Surface finishes

shall be no rougher than 125 rms. Inspection shall be by longitudinal

wave and by shear wave in two perpendicular directions, i.e., longitudi-

nal and transverse and shall be with focused transducers appropriate to

the diameter being inspected (360 degree transducers are allowable

where appropriate). Automatic equipment which traverses a spiral path

is satisfactory; but three traverses shall be made, one with the trans-

ducer in the circumferent_ial shear position, one with the transducer

in the axial shear position, and one with the transducer in the longi-

tudinal wave position, unless otherwise specified.

I

l
I

I
I
I
I
i
I

5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches

and holes in a segment of the material reserved solely for calibration

purposes or in a calibration specimen of similar nature and shape. The

depth of the notches shall be 3% of the bar thickness, 1.5% of the rod

diameter, or 0.005 inch, whichever is smaller; _he width, no greater

than depth; the length, greater than beam width. The notches shall be

placed perpendicular to the direction of the shear wave beam and per-

pendicular to the surface, e.g., axial and circumferential notches on

bar. In addition to the notches, a 0.020-inch diameter hole shall be

made at least 0.5_inch deep in the calibration _iece parallel to the

surface at a distance from the surface of 1/2 the thickness or diameter

or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 of thickness.

Calibration settings to achieve 80% amplitude of these notches or holes

along with the magnitude of the other applicable calibration defects

shall be recorded. For example, on bar with shear wave, the notch on

the near surface should be set at 80% and the amplitudes recorded for

the indications from the hole and the notch onthe far surface. Gain

settings should be recorded to achieve 80% as above and 80% on each

of the other applicable calibration defects. For longitudinal wave,

/only the 0.020-inch diameter holes, with additional holes at 1/4 and
1/2 the thickness _f the thickness exceeds 0.750 inch, shall be used

for calibration.

I

I

i

I
I
I
I

I
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5.7.1.2.3. Evaluation. Evaluation during inspection shall be made

against the appropriate calibration defect. For example, on bar with

shear wave, the defects on or near the far surface shall be compared

to the calibration from the far surface notch; defects near the center

shall be compared to the calibration from the hole at the appropriate

depth; defects _ the near surface shall be compared to the calibration

from the near s_face notch.

5.7. i. 2.4. Repo#ts. The ultrasonic inspection report shall contain

the equipment s_ial numbers, callbration amplitudes and gain settings,

_nd the amplitu_ and locations of each defect whose amplitude is 60%

_r greater.

_.7.1.2.5. Rejectio n • The above procedure shall be followed and in-

dications of defects which exceed the magnitude obtained from the appro-

priate calibrated notch in the sample shall be cause for rejection, un-

less otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or

AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspected

shall be marked with ink stamps as described in the specification; im-

pression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specifica-

tion.and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless other-

wise specified, rejected material may be returned to the manufacturer

at the manufacturer's expense if the purchaser does not receive other

instructions for disposition within three weeks after notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree about

the conformance of the material to the requirements of this specifica _

tion or any special test specified by the purchaser, a mutually accept -_

,,able referee's test shall be used to determine conformance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly.

_:_d with _he _2_mber cf th_ _ecficatio_a_d cQ_s_icueusly m_ked er --_= ....

-101-
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purchase order or contrac= number, type, ingo= number, lot number, nom-

inal size, and the gross, net, and tare weights. When each bundle, box,

or-carton consists of components from more than one ingot number or lot

number, each component shall be identified individually.

6.2. Packing. Each individual item shall be wrapped in heavygauge

polyethylene film or similar material and packed in a manner assuring

'pale delivery when properly transported by any common carrier.

7, DEFINITIONS

7.1. Lo___.tt.A lot shall include all material of the same size, shape,

condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all operations in which

temperatures may reach 500°F or above. When process temperatures and

environments are closely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has been

obtained from the General Electric Company.

7.2. Check Analysis. An analysis may be requested by thepurchaser

of the metal after it has been processed into finished mill forms, to

verify the composition within a heat or lot. Check analysis tolerances

do not broaden the specified heat analysis requirements but rather

cover variations between laboratories in the measurement of the chemical

content.

7.3. Significance of Numerical Limits. For determining compliance

with the specified limits for requirements of theproperties listed be-

low, an observed value or a calculated valve shall be rounded off using

the rounding-off method in ASTM Designation E29-58T, "Recommended Prac-

tices for Designating Significant Places in Specified Limiting Values."

Test

Rounded-Off Unit for

Observed or Calculated Value'

//"

/

Chemical composition and di-

mensional tolerances (when

expressed decimally)

Tensile strength

Elongation

Rupture life

Nearest unit in the last right-

hand place of figures of the

specified limit

Nearest i00 psi

Nearest 1%

Nearest 0.i hour

_.:02-
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SPECI FI CAT ION

BAR AND ROD: Mo-TZM (Mo-O.5Ti-0.08Zr) ALLOY

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI _ OHIO 45215
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BAR AND ROD: Mo-TZM (Mo-O.5Ti-O.O8Zr) ALLOY - GONTINUED

DATE

4-20-65

NO.

01-0009-OI-B

The following exception of Specification No. 01-O009-O0-B is:

Table I - Chemical Composition: The minimum zirconium content is lowered to

0.06 weight per cent.

-104-

I
I
I

I
I

I
I
I

I
I
I

I
1
1
I

I
I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

SPECIFICATION

BAR AND ROD: T-ill (Ta-SW-2Hf) ALLOY

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215
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SPECIFICATION

T- III(Ta-8W-2Hf) ALLOY

This specification covers T-ill (Ta-8W-2Hf) alloy in

bar and rod form intended for high temperature structural applications

and alkali metal containment°

2. APPLICABLE DOCUMENTS

2.1.

2.2.

Government Documents. None

Non-Government Documents

ASTM Designation E8-57T

(26 December 1957)

ASTM Designation E29-58T

(1958)

o

3ol.

ASTM Designation EI12-61

(1961)

ASM 2635

(15 August 1958)

ASM 2645

(i March 1955)

AMS 2646

(i March 1955)

REQUIREMENT S

Acknowledgment So

Method of Tension Testing of

Metallic Materials

Recommended Practices for Des-

ignating Significant Places in

Specified Limiting Values

Estimating the Average Grain

Size of Metals

Radiographic Inspection

Fluorescent Penetrant Inspec-
tion

Contrast Dye Penetrant Inspec-

tion

The vendor shall mention this specification

in all quotations and all purchase order acknowledgments°

-106-
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3.2° Manufacture. Material covered by this specification shall be

made from ingots which have been double vacuum melted by the electron

beam and/or consumable electrode arc melting processes. Breakdown

operations shall be performed with conventional extrusion, forging and

rolling equipment normally found in primary ferrous and nonferrous

plants.

3.3. Processing. The starting stock size, processing temperatures,

percentages of reduction, in-process annealing temperatures and _imes

shall be selected by the vendor to achieve the grain size range speci-

fied in paragraph 3.6 and mechanical properties specified in paragraph

3.7. The amount of total reduction from the turned ingot to the fin-

ished product shall exceed 75%. The amount of final reduction for

each mill product, imparted just prior to the final vacuum heat treat-

ment and the total reduction since the previous recrystallization

anneal, shall be reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product shall be supplied in the recrys-

tallized condition throughout the cross-sectional area to the grain

size range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

of less than i x 10-5 torr. All mill products to be annealed shall be

thoroughly degreased, chemically cleaned and protected from furnace

parts by a layer of fresh tantalum, columbium or Cb-iZr foil 0.002-

inch thick or greater° When annealing is carried out in a vacuum

greater than i x 10 -5 torr, with the prior approval of the purchaser,

all mill products shall be enclosed in a chemically cleaned tantalum,

columbium or columbium-l% zirconium alloy retort or wrapped in a

minimum of two layers of fresh tantalum, columbium or columbium-l%

zirconium alloy foil 0.002-inch thick or greater. The conditions of

final annealing shall be reported in the certificate of compliance.

3.4.3. Contamination. All items are to be free of contamination or

internal oxidation. After final heat treatment, the material shall be

examined metallographically for evidence of possible contamination

caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not

greater than 50 VHN from the center to the surface of a cross sectional

sample of the final product. At the discretion of the purchaser, sam-

ples taken to include at least one surface of the final product, and

not exceeding 0.050-inch thick, may be chemically analyzed by the

._i OV
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purchase;: for oxygens, nitrogen, hydrogen and carbon° The analyses

sb_Ll not exceed the limits set forth in paragraph 3.5.3. Any indica-

tion of contamination shall be cause for rejection of all material re-

presented by that sample. The material shall be acceptable if the con-

taminated layer is completely eliminated before shipment by a machining

operation within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table

I (page 5). A minimum of four analyses shall be obtained as follows:

ingot top-center, mid-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I.

3.5°2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analysis for products supplied under

this specification (Table I) except carbon, oxygen, nitrogen and hy-

drogen content which shall be determined in the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed

the following limits or variations:

Element

Check Analysis

Limits_ Max._ ppm

Permissible Variations

in Check Analysis_ ppm

Carbon 50 + i0

Oxygen 150 + 20

Nitrogen 75 + i0

Hydrogen i0 + 2

3.6. Grain Size. The grain size of the final products shall conform

to the following limits:

Allowable Spread

Product Diameter Minimum Allowable in ASTM Grain Size % Rx

or Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum

0.125 to 0.250 4 2 i00

0.250 to 0.500

0.500 to i=0

1.0 to 2.0

Greater than 2.0

4 2 i00

4 2 i00

4 2 95

3 3 90

-i08-
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I Element

I Carbon

Nitrogen

I Oxygen

I
I

I
I

I

I
I

I

i

I
I

Hydrogen

Columblum,

Molybdenum

Nickel

Cobalt

Iron

Vanadium

Tungsten

Hafnium

Tantalum

TABLE I

CHEMICAL COMPOSITION

T-111 (Ta-8W-2Hf) ALLOY

Minimum Content

ppm,

o

m

7.0 w/o

1.8 w/o

Remainder

•- i09-
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Maximum Content

ppm,

50

50

i00

i0

i000

200

50

50

50

20

9.0 w/q

2.4 w/o

m
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3.7. Mechanical Properties° The final product shall satisfy the

following mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples

of the material in final form shall be capable of the following property

limits at room temperature (65°-85°F).

Ultimate Tensile

Strength s ksi

Minimum Maximum

0.2% Yield

Strength_ ksi_

Minimum Maximum

Elong., %

in 4D

Minimum

80 ii0 65 i00 20

3.7°2. Stress-to-Rupture Tests. The material shall be capable of

achieving the following stress-rupture life under suitable environ-

mental conditions (see paragraph 5.4.3.).
Minimum Life

Test Temp._ °F Stress_ ksi Hours

2400 19 20

Chemical analysis of stress-rupture specimens after test shall demon-

strate that the degree of environmental contamination did not exceed

the following limits: Total increase in oxygen plus nitrogen content --

less than 50 ppm; increase in hydrogen content -- less than 5 ppm; in-

crease in carbon content -- less than i0 ppm. The following limits shall

apply to the analytical results:

Carbon + i0 ppm

Oxygen _ 25 ppm

Nitrogen _ 25 ppm

Hydrogen _ 2 ppm

3.8° Tolerances

3.8.1. Rolled:, Swaged_ or Drawn Rounds

3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.

-ii0-

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

t

I



!

I

I
I

I
I
I

SPPS-22-RI

23 December 1964

Page 7 of 14

3.8.1.2. Diameter. The permissible variation in diameter and the

limits of out-of-roundness of descaled rounds shall not exceed those

in Table II (refer to page 8).

3.8.1o3. Cut Lengths. Maximum length variation shall be 0.25 inch.

3.8.1.4_ Straightness°

foot in any length°

Maximum deviation shall be 0.050 inch per

3.8.2. S_quare or Rectangular Bar

3.8_2.1. Definition. Bar - any straight product with a rectangular

cross-section 0.187 inch or more thick and less than 5 inches wide.

3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled

square and rectangular shapes shall have the following tolerances:

Thickness Length Width

I .± 0.025 inch or ± 5%,
whichever is less

I

I

+ 0o125 inch + 0.125 inch

I

I

I
I

I

I
I
I

3°8.2.3. Straightness of Bar.

per foot in any length.

Maximum deviation shall be 0.050 inch

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing

conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the speci-

fication and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide

or scale of any nature, grease, oil, residual lubricants, and other

extraneous materials. Cracks, laps, seams, gouges, and fins shall be

unacceptable.

4.2. Porosity and Inclusions. Indications of internal porosity and

non-metallic inclusions greater than 0.020 inch or 3% of the thickness,

whichever is smaller, shall be unacceptable° Those indications in the

range 0.010 inch to 0.020 inch or 2% of the thickness or diameter,

whichever is smaller, shall be a minimum of 0.500 inch apart; those

indications less than 0.010 inch shall be a minimum of 0.12 inch apart.

-iii-



SPPS-22-RI

23 December 1964

Page 8 of 14

TABLE II

PERMISSIBLE DIHRNSIONALVARIATIONS FOR ROUND BAR

Diameter

Diameter Variation

Inches Inch

Out-of-Roundness

Inch

0.125 to 0.281

Over 0.281 to 0.406

Over 0.406 tO 0.625

Over 0.625 to 0.875

Over 0.875 to 1.000

over 1.000 to 1.375

Ove= 1.375 to 1.500

Over 1.500 to 1.625

over 1.625 to 2.000

Over 2.000 to 2,500

over 2.500 to 3.250

over 3.250 to 3.500

+ 0.002, -0.002

+ 0.010, -0.005

+ 0.010, -0.005

+ 0.015, -0.005

+ 0.020, -0.005

+ 0.020, -0.010

+ 0.020, -0.015

+ 0.025, -0.015

+ 0.030, -0.020

+ 0.032, -0.032

+ 0.032, -0.032

+ 0.045, -0.045

0. 004

0.008

0.012

0.015

0.015

0.018

0.020

0. 020

0.025

0. 025

0.027

0.040

Centerless Ground Rounds

0;0625 to 2.0
Over 2.0

+ 0.002, -0,002

+ 0.003, -0.002
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4.3. Surface Rework. All surface pores, gouges, and other defects

deeper than 0.005 inch or 3% of the thickness, whichever is smaller,

shall be unacceptable. Surface !imperfections may be faired smooth

to remove any notch effect provided dimensional tolerances are still

maintained.

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests

and inspections of the material covered by this specification before

shipment, unless otherwise specified. All test and inspection results

shall be furnished to the purchaser_

5.2. Customer Review. The purchaser or his representative may wit-

ness the testing and inspection of the material. The manufacturer

shall give the purchaser ample notice of the time and place of desig-

nated tests. If the purchaser's representative is not present at this

time and a new date is not set, the requirement for purchaser's in-

spection at the place of testing is waived. When the purchaser's

representative is present at the appointed time and place, the manu-

factu=er shall afford him, without charge, all reasonable facilities

to assure that the material is being furnished in accordance with

this specification. This inspection shall not interfere unnecessarily

with production operations.

5.3. Sample Selection. Care shall be exercisedto_insure that the

samples selected for testing and chemical analyses are representative

of the material and uncontaminated by the sampling procedure. Samples

for the determination of mechanical properties shall be selected so

as to consume a minimum amount of material, i.e., specimens may be

taken transverse to the final working direction from bar of suffi-

cient width or from rod greater than 2 inches in diameter. If there

is any question about the sampling technique or the analysis, the

methods for sampling and analysis shall be those agreed to by the

buyer and seller. The location of test samples shall be reported in

the certificate of compliance•

5.4° Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon, and the spectrochemical meth-

ods for metallic elements.
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5.4.2. Tensile Test. The tension test shall be conducted in accord-

ance with ASTM Designation E8-57T, "Methods of Tension Testing of

Metallic Materials." Yield strength shall be determined by the offset

(0.2%) method. The tensile properties shall be determined using a

strain rate of 0.005 inch per inch per minute up to 0.6% offset, and

then 0.05 inch, plus or minus 0.02 inch, per inch per minute to frac-

ture.

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens

shall be determined by mutually acceptable testing techniques. Sug-

gested testing techniques for determining stress-rupture properties

are:

Specimens shall be tested in a vacuum of i x 10 -6 torr

or better. The vacuum system shall incorporate an op-

tically tight liquid nitrogen cold trap or a getter-ion

pump.

Specimens shall be held for a half hour at the test

temperature before application of load.

Test temperature shall be maintained at plus or minus

10°F during the test.

5.4.4° Grain Size. Grain size determinations shall be made according

to ASTM Specification EI12-61, "Estimating the Average Grain Size of

Metals."

5.5. Number of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material

shall be taken to determine conformity to this specification. The mini-

mum frequency of these t_sts shall be:

Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

-114-
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5.6. Retest and Rework
T

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-

vious surface contamination or improper preparation which disquali-

fies it as a truly representative sample shall be replaced with a new

sample.

5.6.2. Rework. If inspection and test results of a lot do not conform

to the requirements of this specification, the lot may be reworked at

the option of the manufacturer. The lot shall be acceptable if all

test results, after reworking, conform to this specification.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. Whenever specified, the product shall be

radiographed and found free of porosity and inclusions as specified

in paragraph 4.2 using the technique described in AMS 2635, "Radio-

graphic Inspection." The radiographs and product shall be identified

so the exact position of each radiograph can be correlated with the

specific area on the particular product.

5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger

shall be inspected ultrasonically.

5.7ol.2.1. Method and Equipment. The finished products shall be ultra-

sonically inspected by the immersed technique at 5 mc or above. Trans-

ducers shall be no larger than 0.75-inch diameter. Surface finishes

shall be no rougher than 125 rms. Inspection shall be by longitudinal

wave and by shear wave in two perpendicular directions, i.e., longitudi-

nal and transverse and shall be with focused transducers appropriate

to the diameter being inspected (360 degree transducers are allowable

where appropriate. Automatic equipment which traverses a spiral path

is satisfactory; but three traverses shall be made, one with the trans-

ducer in the circumferential shear position, one with the transducer

in the axial shear position, and one with the transducer in the longi-

tudinal wave position, unless otherwise specified.

5.7.1.2.2. Calibration of Bar and Rod° Calibration shall be on notches

and holes in a segment of the material reserved solely for calibration

purposes or in a calibration specimen of similar nature and shape. The

depth of the notches shall be 3% of the bar thickness, 1.5% of the rod

diameter, or 0.005 inch, whichever is smaller; the width, no greater

_I15-
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than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inc h diameter hole shall be
made at least 0.5-inch deep in the calibration piece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 of thickness.
Calibration settings to achieve 80% amplitude of these notches or holes
along with the magnitude of the other applicable calibration defects
shall be recorded. For example, on bar with shear wave, the notch
on the near surface should be set at 80% and the amplitudes recorded
for the indications from the h01e and the notch on the far surface.
Gain settings should be recorded to achieve 80% as above and 80% on
each of the other applicable calibration defects. For longitudinal
wave, only the 0.020-inch diameter holes, with additional holes at
1/4 and i/2 the thickness if the thickness exceeds 0.750 inch, shall
be used for calibration.

5.7.1.2.3. Evaluation. Evaluation during inspection shall be made

against the appropriate calibration defect. For example, on bar with

shear wave, the defects on or near the far surface shall be compared

to the calibration from the far surface notch; defects near the center

shall be compared to the calibration from the hole at the appropriate

depth; defects on the near surface shall be compared to the calibration

from the near surface notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitude and gain settings,

and the amplitude and locations of each defect whose amplitude is 60%

or greater.

5.7.1.2.5. Rejection. The above procedure shall be followed, and in-

dications of defects which exceed the magnitude obtained from the

appropriate calibrated notch in the sample shall be cause for rejec-

tion, unless otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in
W_t.

'paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection, or

AMS 2646, "Contrast Dye Penetrant Inspection°" All parts thus inspected

Shall be marked with ink stamps as described in the specification; im-

pression stampings or etching shall be unacceptable.
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5.7.1.4. Reports. The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specification

and the purchase order or contract number.

5.8. Reiection. Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless

otherwise specified, rejected material may be returned to the manu-

facturer at the manufacturer's expense if the purchaser does not re-

ceive other instructions for disposition within three weeks after

notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree about

the conformance of the material to the requirements of this specifica-

tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-

tion, purchase order or contract number, type, ingot number, lot number,

nominal size, and the gross, net, and tare weights. When each bundle,

box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually.

6.2. Packing. Each individual item shall be wrapped in a heavy gauge

polyethylene film or similar material and packed in a manner assuring

safe delivery when properly transported by any common carrier.

7. DEFINITIONS

7.1. Lo___tt.A lot shall include all material of the same size, shape,

condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all operations in which

temperatures may reach 500°F or above. When process temperatures and

environments are closely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has been

obtained from the General Electric Company_

---1 71.7-
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7.2. Check Analysis. An analysis may be requested by the purchaser

of the metal after it has been processed into finished mill forms, to

verify the composition within a heat or lot. Check analysis tolerances

do not broaden the specified heat analysis requirements but rather

cover variations between laboratories in the measurement of the chem-

ical content.

7.3. Significance of Numerical Limits. For determining compliance

with the specified limits for requirements of:the properties listed be-

low, an observed value or a calculated value shall be rounded off using

the rounding-off method in ASTM Designation E29-58T, "Recommended

Practices for Designating Significant Places in Specified Limiting

V_lues."

Test

Rounded-Off Unit for

Observed or Calculated Value

Chemical composition and di-

mensional tolerances (when ex-

pressed decimally)

Nearest unit in the last right-

hand place of figures of the

specified limit

Tensile strength Nearest i00 psi

Elongation Nearest 1%

Rupture life Nearest 0.i hour

-I18-
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SPECIFICATION

SEAMLESS TUBINGAND PIPE: T-Ill (Ta-8W-_f) ALLOY

i. SCOPE

I.I. Scope. This specification covers T-Ill (Ta-8W-2Hf) alloy in tube and

pipe form intended for high temperature structural application and alkali metal

containment.

2. APPLICABLE DOCUMENTS

Government Documents. None

Non-Government Document s

ASTM Designation E8-57T

(26 December 1957)

ASTM Designation E29-58T

(1958)

ASTM Designation El12-61

(1961)

AMS 2635

(15 August 1958)

AMS 2645

(1 March 1955)

AMS 2646

(i March 1955)

3. REQUI REMENTS

Method of Tension Testing of

Metallic Materials

Recommended Practices for

Designating Significant Places

in Specified Limiting Values

Estimating Average Grain Size

of Metals

Radiographic Inspection

Fluorescent Penetrant Inspection

Contrast Dye Penetrant Inspection

3.i. Acknowledgments. The vendor shall mention this specification in all

quotations and all purchase order acknowledgments.

-120-
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3.2. Manufacture. Material covered by this specification shall be

made from ingots which have been double vacuum melted by the electron

beam and/or consumable electrode arc melting processes. Breakdown

operations shall be performed with conventional extrusion, forging,

tube reducing and drawing equipment normally found in primary ferrous

and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures,

percentages of reduction, in-process annealing temperatures and times

shall be selected by the vendor to achieve the grain size range speci-

fied in paragraph 3.6 and mechanical properties specified in paragraph

3.7. The ._otal_amount_of_reductlon from_eturned ingot to the final

product shall exceed 75%. The amount of final reduction for each mill

product, imparted Just prior to the final vacuum heat treatment, and

the total reduction since the last recrystallization anneal shall be

reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product will be supplied in the recrys-

tallized condition throughout the cross-sectlonal area to the grain

size range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

,of less than 1 x 10-5 torr. All mill products to be annealed shall be

thoroughly degreased, chemlcally cleaned and protected from furnace

parts by a layer of fresh tantalum, columbium or Cb-lZr allo 7 foil 0.002-

inch thick or greater. When annealing is carried out in a vacuum greater

than 1 x 10"5 tort, with the prior approval of the purchaser, all mill

products shall be enclosed in a chemlcally cleaned tantalum, columblum _

or Cb-lZr allo 7 retort or wrapped in a minimum of two layers of fresh

tantalum, columblum or Cb-lZr alloy foil 0.O02-1nch thick or greater.

The conditions of final annealing shall be reported in the certificate

of compliance.

3.4.3. Contamination. All items are to be free of contamination or

internal oxidation. After final heat treatment, the material shall be

examined metallographica1iy for evidence of posslble contamination

caused b7 unsatisfactory heat treating atmospheres or processing con-

ditions. A microhardness traverse shall show a hardness increase not

greater than 50 VHN from the center to the surface of a cross sectional

sample of the flnal product. At the discretion of the purchaser, sam-

ples taken to include at least one surface of the final product, and

not exceeding O.050-inch thick, may be chemically analyzed by the

-121 =
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The analyses shall •

not exceed the limits set forth in paragraph 3.5,3. Any indication of

contamination shall be cause for rejection of all material represented E

by that sample. The material shall be acceptable if the contaminated

layer is completely eliminated before shipment by a machining operation

within the specified dimensions and tolerances. I

3.5, Chemical Composition •

3.5.1. In_ot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table

I (page 5). A minimum of four analyses shall be obtained as follows:

ingot top-center, mld-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I.

M
3.5.2. Final Product Composltion. The manufacturer's ingot analyses

shall be considered the chemical analyses _or products supplied under

this,specification (Table I) except carbon, oxygen, nitrogen and hy- I

drogen content which shall be determined on the finished product.

3.5,3. Check Analysis, The finished product analysis shall not ex- I

teed the following limits or variations:

FOr Wal ! Thicknesses 0.020 Inch or Greater I

Check Analysis Permissible Variations m

Element Limits _ Max., ppm in Check Analysis_ ppm |

Carbon 50 + i0
g

Oxygen 150 + 20

Nitrogen 75 + i0 I

am_

Hydrogen

E,lement

Carbon

10 + 2

For Wall Thicknesses Less Than 0.020 Inch

Check Analysis

Limitsj Max._ ppm

75 + l0

Permissible Variations

in Check Analysis, vpm

l
I

I
Oxygen

Nitrogen

Hydrogen

300 + 20

100 + I0

i0 + 2

!

!
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Carbon

i Nitrogen
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Oxygen

Hydrogen

Columblum

Molybdenum

Nickel

Cobalt

Iron

Vanadium

Tungsten

Hafnium

Tantalum

TABLE I

CHEMICAL COMPOSITION

T-Ill (Ta-8W-2Hf) ALLOY

Minimum Content

DDm

1

7.0 w/o

i.8 w/o

Remainder

_123 -
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.Maximum Content

,ppm

50

50

I00

i0

10gO

200

50

50

50

20

9.0 w/o

2.4 Wl o
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3.6. Grain Size. The grain size of the final products shall conform

to the following limits:

Product Wall

Thickness, Inches

Minimum Allowable

ASTM Grain Size No.

Allowable Spread

in ASTM Grain Size

Nos. in Any One Item

% Rx

Minimum

Less than 0.010 6 2 I00

0.010 to 0,065 6 2 i00

0.065 to 0.0125 5 2 I00

0.125 to 0.250 4 2 95

0.250 to 0.500 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the fol-

lowing mechanical property requirements:

3.7. I. Room Temperature Tensile ProDerties. Representative samples

of the material in final form shall be capable of the following prop-

erty limits at room temperature (65°-85_'F).

Ultimate Tensile

Strength, ksi

Minimum Maximum

0.2% Yield

Strength, ksi

Minimum Maximum

Elong., %(1)

Minimum

80 ii0 65 i00 20

(i) % Elongation in 4D for Threaded or Button-

Head Test Specimens; in 2 Inches for Flat

Specimens.

3.7.2. Stress-to-Rupture Tests. The material shall be capable of

achieving the following stress-rupture life under suitable envi_on-

mental conditions (see paragraph 5.4.3):

Test Temp., °F Stress, ks!

Minimum Life

Hours

2400 19 20

1
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Chemical analyses of stress-rupture specimens after test shall demon-

strate that the degree of environmental contamination did not exceed

the following limits: total increase in oxygen plus nitrogen content--

less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-

crease in carbon content--less than i0 ppm. The following limits shall

apply to check analyses of the analytical results:

I

I

Carbon ± i0 ppm

Oxygen _ 25 ppm

Nitrogen ! 25 ppm

I

I
I
I

Hydrogen ± 2 ppm

3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside

diameter with a wall thickness of 0.015 inch or over, shall be tested

to a hydrostatic pressure sufficient to produce a fiber stress of

12,000 psi. The test pressure, not to exceed i0,000 psi, shall be de-

termined by the equation (P = 2St/D), where:

P = hydrostatic test pressure in pounds per square inch;

S = 12,000 psi;

I
I

I

t • average wall thickness of the tube in inches;

D = outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be cap-

able of being flared without cracking. The flare shall be made with a

tool havlng a 60-degree included angle until the specified outside

diameter has been increased by 15%.

I 3.8. Tolerances

3.8.1. Diameter and Wall Thickness. The permissible variations in

I diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 8).

3.8.2. Length. When tube is ordered cut-to-length, the usable length

shall not be less than that specified, but a variation of plus 1/8

inch will be permitted in lengths up to 6 feet. In lengths over 6 feet,

a variation of plus 1/4 inch will be permitted, unless otherwise speci-

fied.

-125-
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TABLE II

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Wall

Nominal OD OD ID Thickness

Inches Inch Inch %

0.187 to but not incl. 0.625

0.625 to but not incl. 1.000

1.000 to but not incl. 2.000

2.000 to but not incl. 3.000

3.000 to but not incl. 4.000

+ 0.004 + 0.004 + i0

+ 0.005 + 0.005 + i0

+ 0.0075 + 0.0075 + i0

_+ 0.010 + 0.010 __ i0
+ 0.0125 + 0°0125 + i0

NOTES:

(I) Tolerances are applicable to only the two dimensions specified

on the purchase order, e.g., outside diameter and wall; inside

diameter and wall; outside diameter and inside diameter.

(2) For tolerances applicable for very small tubes (less than 0.187-

inch diameter) or very thin-wall tubes (less than 0.010-inch

thick), the producer shall be consulted.

(3) For tubes having an inside diameter less than 60% of the outside

diameter or a wall 3/4 inch or over thick, which cannot be suc-

cessfully drawn over a mandrel, the inside diameter may vary by

an amount equal to plus or minus 10% of the wall thickness. The

wall thickness of these tubes may vary plus or minus 12.5% from

that specified.

(4) Ovality measured at any cross section: For tubes with nominal

wall thickness less than 3% of the nominal outside diameter, the

ovality tolerances are double the tolerances in column 2 or 3.

For ovality tolerances for tubes with wall thickness less than

2% nominal outside diameter, the producer shall be consulted.

I
I
I
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3°8.3° Straightness. The tube shall be free of bends or kinks. For

lengths up to i0 feet, the maximum bow shall not exceed one part in

1200; for lengths greater than i0 feet, the maximum bow shall not ex-

ceed one part in 600; unless otherwise agreed upon.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing

conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the

specification and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. Cracks, laps, seams, fins, and tears shall be unaccept-

able. The surface shall also be free from oxide or scale of any nature,

grease, oil, residual lubricants, or other extraneous material.

4.2. Porosity and Inclusions. Indications with dimensions greater

than 3% of the wall thickness shall be unacceptable. Indications with

dimensions in the ranges of 1% to 3% of wall thickness must be a mini-

mum of 0.50-inch apart. Indications with dimensions less than 1% of

the wall thickness must be a minimum of 0.12 inch apart.

4.3. Surface Rework. Defects less than 3% of the nominal wall thick-

ness detected by penetrant or ultrasonic inspection may be removed by

grinding provided the wall thickness is not decreased below that per-

mitted in Table II (refer to page 9).

5. qUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all test

and inspections of the material covered by this specification before

shipment unless otherwise specified. All test and inspection results

shall be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may wit-

ness the testing and inspection of the material. The manufacturer shall

give the purchaser ample notice of the time and place of designated

tests. If the purchaser's representative is not present at this time

and a new date is not set, the requirement of purchaser's inspection at

the place of testing is waived. When the purchaser's representative is

present at the appointed time and place, the manufacturer shall afford

him, without charge, all reasonable facilities to assure that the mate-

rial is being furnished in accordance with this specification. This

inspection shall not interfere unnecessarily with production operation.

+i 27,-
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5.3. Sample Selection. Care shall be exercised to insure that the

sample selected for testing is representative of the material and un-
about

m

contaminated by the sampling procedure. If there is any question m
the sampling technique or the analysis, the methods for sampling and

analysis shall be those agreed to by the buyer and seller. The specl- m

men configuration selected for the performance of the testing required |
in paragraph 5.4.2. and 5.4.3 shall be mutually agreed upon by the ven-

dor and purchaser prior to placement of a purchase order. The location m

of all test samples shall be reported in the certificate of compliance. |

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon, and the spectrochemical meth-

ods for metallic elements.

5.4.2. Tensile Test. The tension test shall be performed in accord-

ance with ASTM Designation Eg-57T, "Methods of Tension Testing of

Metallic Materlals." Yield strength shall be determined by the offset

(0.2%) method. The tensile properties shall be determined using a

strain rate of 0.005 inch per inch per minute up to 0.6% offset and

then 0.050 inch, plus or minus 0.020 inch, per inch per minute to

fracture.

I

I
I

I
I

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens

shall be determined by mutually acceptable testing techniques. Sug-

gested testing technique for determining stress-rupture properties

are :

Specimens shall be tested in a vacuum of i x 10 -6 torr

or better. The vacuum system shall incorporate an optically

tight liquid nitrogen cold trap or a getter-lon pump.

Specimens shall be held for a half hour at the test tempera-

ture before application of load.

I
I

I
I

Test temperature shall be maintained at plus or minus 10°F

during the test.

5.4.4. Grain Size. Grain size determinations shall be made according

to ASTM SpeciFication EI12-61, "Estimating the Average Grain Size of

Metals."
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5.5. Numbe K of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material

shall be taken to determine conformity to this specification. The

minimum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot

!

!

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Flare Test - two per lot per ingot

!

!

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Hydrostatic Proof Test - 100%

I 5.6. Retes_ and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-

I vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sam-

ple.

I 5.6.2. Rework. If inspection and test results of a lot do not con-

form to the requirements of this specification, the lot may be reworked

I at the option of the manufacturer. The lot shall be acceptable if
all test results, after reworking, conform to this specification.

I 5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. When specified, the product shall be radio-

graphed and found free of porosity and inclusions as specified in

paragraph 4.2 using the techniques described in AMS 2635, "Radiographic

Inspection." The radiographs and:p_o_uct shall be identified so that

the exact position of each radiograph can be correlated with the speci-

fic area on a particular product.

5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the

purchaser and the vendor, the material shall be inspected ultrasonically.
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I
5.7.1.2.1. Method and Equipment. Ultrasonic inspection shall be by

the immersed technique at 5 mc or higher frequency using focused trans- i

ducers. Inspection shall be by both circumferential and axial shear

techniques with longitudinal wave being added when the wall thickness

is greater than 0.150 inch. For longitudinal wave technique and for •

circumferential shear, transducers up to 2 inches long may be used |
with or without automatic equipment to rotate the tube past the trans-

ducer. If spiral pattern inspection traverse is not used, steps must •

be taken to assure that the ultrasonic beam remains in the same posi- |
tion relative to the tubing so the beam-to-tubing angle remains con-

stant. For axial (longitudinal) shear, transducers must have no

greater than 0.5 inch axial length. Transducers must be cylindrically

focused for a diameter range which includes the tubing on which it

is to be used.

5.7.1.2.2. Calibration. Calibration shall be on notches (a total of

four, two axial and two circumferential), cut in the tube on both the •

outside and inside surface unless otherwise specified. The depth of |
the notches shall be 3% of the wall thickness to a minimum depth of

0.001 inch; the width, no greater than depth; the length, at least •

that of the ultrasonic beam with a maximum length of 1 inch. Material

having a wall thickness greater than 0.150 inch shall also have an

0.020-inch diameter hole machined into the wall in the longitudinal •

dlrectlon at mid-polnt of the wall thickness. Focusing shall be done

to maximize the indication from the inside diameter notch placed pro-

p_rly for the tTpe of inspection contemplated. After focusing is com- B

pleted, the inside diameter indication shall be set at 80% and gain

setting recorded. Gain setting for 80% on the outside diameter notch

shall also be recorded. Inspection shall be at the gain setting for

the inside diameter indication. A distance corresponding to the wall

thickness shall be marked on the oscilloscope. Focal distance to the

part to be inspected shall be set to that used for the calibration g

piece before beginning inspection. Calibration shall be done both be-

fore and after the inspection or at the beginning and end of each work

shift. If calibration has changed (gain change greater than 5%), all

inspections since the previous calibration shall be repeated. I

5.7.1.2.3. Rejection. Rejection shall be by any indication which ex-

ceeds the amplitude of the respective calibration indication; i.e.,

inside diameter defects shall be compared to the indication from the

notch on the inside diameter, and outside diameter defects shall be

compared to the indication from the notch on the outside diameter,

Defects less than half the thickness from the surface or less than

0.150 inch from the surface, whichever is smaller, shall be compared

I
I
I
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to the outside diameter calibration indication. Defects more than half

the thickness from the incident surface or more than 0.150 inch from

the surface shall be compared to the indications from the inside diameter

calibration notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitudes and gain settings

and the amplitude and location of each defect whose amplitude is 60%

or greater.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or

AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-

spected shall be marked with ink stamps as described in the specifica-

tion; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacture shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specifica-

tion and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless

otherwise specified, rejected material may be returned to the manu-

facturer at the manufacturer's expense if the purchaser does not re-

ceive other instructions for disposition within three weeks after

notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree con-

cerning the conformance of the material to the requirements of this

specification or any special test specified by the purchaser, a mu-

tually acceptable referee's test shall be used to determine conform-

ance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-

tion, purchase order or contract number, type, ingot number, lot num-

ber, nominal size, and the gross, net and tare weights. When each

bundle, box or carton cons_ts of components from more than one ingot

number or lot number, each component shall be identified individually.
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6.2. PackinK. The ends of each pipe or tube shall be sealed with

suitable plastic caps and each individual item shall be wrapped in

heavy gauge polyethylene or similar material and packed in a manner

assuring safe delivery when properly transported by a common carrier. I

7. DEFINITIONS

7.1. Lot:. A lot shall include all material of the same size, shape,

condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing

charge and has been proceseed simultaneously in all operations in which

temperatures may reach 500°F or above. When process temperatures and

environments are closely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has

been obtained from the General Electric Company.

7.2. Check Aqalysis. An analysis may be requested by the purchaser

of the metal, after it has been processed into finished mill forms,

for the purpose of verifying the composition within in a heat analy-

sis requirements but rather cover variations between laboratories in

the measurement of the chemical content.

I

i
i
I

I
I

7.3. Significance of Numerical Limits. For determining compliance

with the specified limits for requirements of the properties listed

below, an observed value or a calculated value shall be rounded off

using the rounding-off method in ASTM Designation E29-58T, "Recommend-

ed Practices for Designating Significant Places in Specified Limiting

Values."

Rounded-Off Unit for

Observed or Calculated Value

Chemical composition and

dimensional tolerances

(when expressed decimally)

Nearest unit in the last right-

hand place of figures of the

specified limit

I

i
I
I
i

Tensile strength

Elongation

Rupture life

Nearest i00 psi

Nearest 1%

Nearest 0.i hour

!

i

i

i
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T- iii (Ta-SW- 2Hf) ALLOY

i.i. Scope. This specification covers T-ill (Ta-8W-2Hf) alloy in

sheet, plate and strip form intended for high temperature structural

applications and alkali metal containment.

,

2.1.

2.2.

APPLICABLE DOCUMENTS

Government Documents. None

Non-Government Documents

ASTM Designation E8-57T

(26 December 1957)

ASTM Designation E29-58T

(1958)

ASTM Designation EI12-61

(1961)

AMS 2242A

(i December 1950)

AMS 2635

(15 August 1958)

AMS 2645

(i March 1955)

AMS 2646

(I March 1955)

MAB-176-M

(6 September 1961)

Method of Tension Testing of

Metallic Materials

Recommended Practices for

Designating Significant Places

in Specified Limiting Values

Estimating the Average Grain
Size of Metals

Tolerances, Corrosion and

Heat Resistant Sheet, Strip

and Plate

Radiographic Inspection

Fluorescent Penetrant Inspec-

tion

Contrast Dye Penetrant Inspec-

tion

Evaluation Test Methods for

Refractory Metal Sheet Mate-

rials
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3. REQUIREMENTS

3.1. AcknowledEments. The vendor shall mention this specification in

all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be

made from ingots which have been double vacuum melted by the electron

beam and/or consumable electrode arc melting processes. Breakdown

operations shall be performed with conventional extrusion, forging and

rolling equipment normally found in primary ferrous and nonferrous

plants.

3.3. Processin_o The starting stock size, processing temperatures,

percentages of reduction, in-process annealing temperatures and times

shall be selected by the vendor to achieve the grain size range speci-

fied in paragraph 3.6 and mechanical properties specified in paragraph

3.7. The amount of total reduction from the turned ingot to the final

product shall exceed 75%. The amount of final reduction for each mill

product, imparted just prior to the final vacuum heat treatment and the

total reduction since the previous recrystallization anneal, shall be

reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product shall be supplied in the recrys-

tallized condition throughout the cross-sectional area to the grain size

range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

of less than i x 10-5 torr. All mill products to be annealed shall be

thoroughly degreased, chemically cleaned and protected from furnace

parts by a layer of fresh tantalum, columbium or Cb-iZr foil 0.002-inch

thick or greater. When annealing is carried out in a vacuum greater

than i x 10 -5 tort, with the prior approval of the purchaser, all mill

products shall be enclosed in a chemically cleaned tantalum, columbium

or Cb-IZr alloy retort or wrapped in a minimum of two layers of fresh

tantalum, columbium or Cb-iZr alloy foil 0.002,inch thick or greater.

The conditions of final annealing shall be reported in the certificate

of compliance.

3.4.3. Contamination. All items are to be free of contamination or

internal oxidation. After final heat treatment, the material shall be

examined metallographically for evidence of possible contamination

caused by unsatisfactory heat treating atmospheres or processing

-135-
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conditions. A microhardness traverse shall show a hardness increase

not greater than 50 VHN from the center to the surface of a cross sec-

tional sample of the final product. At the discretion of the pur-

chaser, samples taken to include at least one surface of the final

product, and not exceeding O.050-inch thick, may be chemically analyzed

by the purchaser for oxygen, nitrogen, hydrogen and carbon° The

analyses shall not exceed the limits set forth in paragraph 3.5.3.

Any indication of contamination shall be cause for rejection of all

material represented by that sample. The material shall be acceptable

if the contaminated layer is completely eliminated before shipment by

a machining operation within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table

I (page 5). A minimum of four analyses shall be obtained as follows:

ingot top-center, mid-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analysis for products supplied under

this specification (Table I) except carbon, oxygen, nitrogen and hy-

drogen content which shall be determined in the finished product°

3.5.3. Check Analysis. Finished product analysis shall not exceed the

following limits or variations:

Element

Check Analysis

Limits_ Max., ppm

Permissible Variations

in Check Analysis_ ppm

Carbon 50 + I0

Oxygen 150 + 20

Nitrogen 75 + i0

Hydrogen i0 + 2

3.6. Grain Size. The grain size of the final products shall conform

to the following limits:

-=] 36=
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Element

Carbon

Nitrogen

Oxygen

Hydrogen

C o lumblum

Molybdenum

Nickel

Cobalt

Iron

Vanadium

Tungsten

Hafnium

Tantalum

TABLE I

CHEMICAL COMPOSITION

T-Ill (Ta-BW-2Hf) ALLOY

Minimum Content

ppm, ,

m

7.0 w/o

i. 8 w/o

, Remainder
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Maximum Content

_pm

50

50

i00
r

i0

i000

200

50

50

50

20

9.0 wl o

2.4 W/o
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Product
Thickness_ Inches

Minimum Allowable

ASTM Grain Size No.

Allowable Spread

in ASTM Grain Size

Nos. in Any One Item

7oRx
Minimum

0.010 to 0.060 6 2 i00

0.060 to 0.125 4 2 i00

0,125 to 0.187 4 2 i00

0_187 to 0.500 3 3 95

0.500 to 1.0 3 3 95

Greater than 1.0 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the

following mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples

of the material in final form shall be capable of the following prop-

erty limits at room temperature (65°-85°F).

Ultimate Tensile

Strength_ ksi
Minimum Maximum

0.2% Yield

Strength_ ksi

Minimum Maximum

Elong., %

in 2 Inches

Minimum

80 ii0 65 i00 20

3.7.2. Stress-to-Rupture Tests. The material shall be capable of

achieving the following stress-rupture life under suitable environ-

mental conditions (see paragraph 5.4.3)°

Test Temp._ °F Stress, ksi

Minimum Life

Hours

2400 19 20

Chemical analysis of stress-rupture specimens after test shall demon-

strate that the degree of environmental contamination did not exceed

the following limits: total increase in oxygen plus nitrogen content--

less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-

crease in carbon content--less than i0 ppm. The following limits shall

apply to check analyses of the analytical results:
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Carbon + i0 ppm

Oxygen ± 25 ppm

Nitrogen + 25 ppm

Hydrogen + 2 ppm

3.7.3. Bend Ductility. Representative samples of the materials in

final form shall withstand the following bend test at room tempera-

ture without failure when tested according to procedures described

in the most recent revision of the Materials Advisory Board report MAB-

176-M, "Evaluation Test Methods for Refractory Metal Sheet Materials."

The samples shall be sectioned with the long axis of the bend specimens

perpendicular to the final rolling direction.

3.7.3.1. Sheet 0.060 inch in thickness and under shall be bent over

a IT radius through 105 ° at a ram speed of i inch per minute and sub-

sequently flattened for a total bend of 180 ° .

3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be

bent over a IT radius through 105 ° at a ram speed of i inch per minute_

3.8. Tolerances

3.8.1. Plate

3.8.1.1. Definition° Plate includes material 6 inches wide or over and

0.187 inch or more in thickness.

3.8.1.2. Dimensions.

tolerances:

Plate dimensions shall conform to the following

Thickness Width Length

+ 0.025 inch or + 5%

whichever is less

+ 0.125 inch + 0.125 inch

3.8.1.3. Flatness. Flatness tolerance on plate shall conform to

AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and

Plate."

:-139=
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3.8.2. Sheet

3.8.2.1. Definition. Sheet includes material 6 inches wide or over

and up to 0.187 inch in thicknes.

3.8.2.2. Dimensions.

sented in Table II.

Sheet dimensions shall conform to those pre-

3.8.2.3. Flatness. See paragraph 3.8.3.3.

3.8.3. Strip

3.8.3.1. Definition. Strip includes material 6 inches wide or less

and up to 0.187 inch in thickness.

3.8.3.2. Dimensions.

sented in Table II.

Strip dimensions shall conform to those pre-

3.8.3.3. Flatness. Total deviation from flatness of sheet and strip

shall not exceed 6% as determined by the formula:

_H x i00

L

= % Flatness Deviation

where

H = maximum distance from a flat reference surface

and

L • minimum distance from this point to the point of

contact with the reference surface.

The actual values shall be reported. In determining flatness, the

sheet shall not be subject to external pressure at any point but shall

lie freely on a flat surface during measurement. Oilcanning will be

reported. An estimate of the extent (area, height, etc.,) of these

defects shall be made.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing

conditions and test procedures and results for each lot of material in

the shipment. The report shall also include the number of the speci-

fication and the purchase order or contract number.
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DIMENSIONAL TOLERANCES FOR SHEET AND STRIP

Material Width, Thlcknes s

Thickness_ Inch Inches Tolerances, Inch

0.010-0.019 'to 24 + 0.001

0.020-0.039 to 2_ + 0.0015

0.040-0.059 to 24 + 0.002

0.060-0.089 to 24 + 0.003

0.090-0.0129 to 24 + 0.004

0.130-0.159 to 24 + 0.005

0. i_0-0.187 to 24 + 0.010

Material

Thickness_ Inch

0.010-0.059

0.060-0. 125

0. 126-0. 187

Width

Tolerances_ Inch

+ 0. 031, -0

+ 0.046, -0

+ 0. 125, -0

Material

Thickness_ Inch

0.010-0.059

0.060-0.125

0.126-0.187

Length

Tolerances _ Inch

+ 0.046, -0

+ 0.062, -0

+ 0. 125, -0

i J,1.
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4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide

or scale of any nature, grease, oil residual lubricants, and other

extraneous materials. Cracks, laps, seams, gouges, and fins shall be

unacceptable.

4.2. Porosity and Inclusions. Indications of internal porosity and

non-metallic inclusions greater than 0.020 inch or 3% of the thickness,

whichever is smaller, shall be unacceptable. Those indications in the

range 0.010 inch to 0.020 inch or 2% of the thickness, whichever is

smaller, shall be a minimum of 0.500 inch apart; those indications less

than 0.010 inch shall be a minimum of 0.12 inch apart.

4.3. Surface Rework. All surface pores, gouges, and other defects

deeper than 0.005 inch or 3% of the thickness, whichever is smaller,

shall be unacceptable. Surface imperfections may be faired smooth

to remove any notch effect provided dimensional tolerances are still

maintained.

5. qUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests

and inspections of the material covered by this specification before

shipment, unless otherwise specified. All test and inspection results

shall be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may witness

the testing and inspection of the material. The manufacturer shall

give the purchaser ample notice of the time and place of designated

tests. If the purchaser's representative is not present at this time

and a new date is not set, the requirement for purchaser's inspection

at the place of testing is waived. When thepurchaser's representa-

tive is present at the appointed time and place, the manufacturer shall

afford him, without charge, all reasonable facilities to assure that

the material is being furnished in accordance with this specification.

This inspection shall not interfere unnecessarily with production oper-
ations.

5.3. Sample Selection. Care shall be exercised to insure that the

samples selected for testing and chemical analyses are representative

of the material and uncontaminated by the sampling procedure. Samples

for the determination of mechanical properties shall be selected so as

to consume a minimum amount of material, i.e., specimens may be taken
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transverse to the final working direction from plate and sheet and from

strip if of sufficient width. If there is any question about the sam-

piing technique or the analysis, the methods for sampling and analysis

shall be those agreed to by the buyer and seller. The location of test

samples shall be reported in the certificate of compliance.

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon and the spectrochemical methods
for metallic elements.

5.4.2. Tensile Test. The tension test shall be conducted in accord-

ance with ASTM Designation ES-57T, "Methods of Tension Testing of

Metallic Materials." Yield strength shall be determined by the offset

(0.2%) method. The tensile properties shall be determined using a

strain rate of 0.005 inch per inch per minute up to 0.6% offset and

then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.

5.4.3. Stress-Rupture Test° Stress-rupture properties of specimens

shall be determined by mutually acceptable testing techniques° Sug-

gested testing techniques for determining stress-rupture properties
are:

Specimens shall be tested in a vacuum of i x 10 -6 torr

or better. The vacuum system shall incorporate an opti-

cally tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test temper-

ature before application of load.

Test temperature shall be maintained at plus or minus 10°F

during the test.

5,4.4. Grain Size. Grain size determinations shall be made according

to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."

5.5_ Number of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material

shall be taken to determine conformity to this specification. The

minimum frequency of these tests shall be:

-143-
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one per lot per ingot

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Bend Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting

obvious surface contamination or improper preparation which disquali-

fies it as a truly representative sample shall be replaced with a new

sample.

5.6.2. Rework. If inspection and test results of a lot do not con-

form to the requirements of this specification, the lot may be re-

worked at the option of the manufacturer. The lot shall be accept-

able if all test results, after reworking, conform to this specifica-
tion.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. Whenever specified, the product shall be

radiographed and found free of porosity and inclusions as specified

in paragraph 4o2 using the technique described in AMS 2635, "Radio-

graphic Inspection." The radiographs and product shall be identified

so the exact position of each radiograph can be correlated with the

specific area on the particular product.

5.7.1.2. Ultrasonic_ Unless otherwise agreed to by the purchaser

and the vendor, the material shall be inspected ultrasonically.

5.7.1.2.1. Method and Equipment. The finished products shall be

ultrasonically inspected by the immersed technique at 5 mc or above.

Transducers shall be no larger than-0.75-inch diameter. Surface fin-

ishes shall be no rougher than 125 rms. Inspection shall be by
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longitudinal wave and by shear wave in two perpendicular directions,
i.e., longitudinal and transverse shear.

Transducers for the shear wave inspection shall be focused, prefer-

ably cylindrically, to a beam no more than 0.125-inch wide in its

smaller dimension (where it enters the material being inspected).

Cyli_drically-focused transducers shall not exceed 2 inches in length.

The focal distance shall be adjusted when the transducer is beamed

perpendicular to the surface of the calibration piece; then this focal

distance shall be maintained throughout the actual inspection. After

the focal distance is established, an appropriate shear wave angle

shall be set and the calibration notch indication shall be set at 80%

on the indication where the sound beam traverses one or two thicknesses

of the sheet (depending on whether the notch is on the far side or

incident sid4 of the sheet). Calibration gain settings shall be re-

cordedwhen the calibration defect is on both the incident and the far

side of the sheet. If there is any difference in the indication, that

gain setting giving an 80% indication from the side which produces the

smaller indication shall be used for inspection° Calibration shall be

done before and after the ultrasonic inspection or at the beginning

and end of each work shift. If the magnitude of indication from the

calibration notch differs 10% or more from the previous calibration,

all material inspected since then shall be reinspectedo

5.7.1.2.2. Calibration of Plate. Calibration shall be on notches

and holes in a segment of the material reserved solely for calibration

purposes. The depth of the notches shall be 0.005 inch, the width

shall be 0.005 inch and the length greater than the ultrasonic beam

width. The notches shall be placed on the surface of the calibration

piece perpendicular to the direction of the intended shear wave in-

spection, i.e., transverse and longitudinal and at least i inch from

the edge of the_plate. In addition, a 0o020-inch diameter hole shall

be made in the calibrationpiece parallel to the surface to a depth

of at least 0.750 inch at a point one-half the thickness of the plate.

If the thickness,of the plate exceeds 0.750 inch, similar holes shall

also be made at points one-quarter and three-quarters of the plate

thickness. Calibration settings to achieve 80% amplitude of the notches

and holes, along with the magnitude of the other applicable calibration

defects, shall be recorded. For example, on plate using a shear wave,

the notch on the near surface should be set at 80% and the amplitude

recorded for the indications from the hole and notch on the far surface.

Gain settings should be recorded to achieve 80% as above and 80% on

each of the other applicable calibration defects. For longitudinal

wave inspection only the 0.020-inch diameter holes shall be used for
calibration
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5.7.1.2.3. Calibration of Sheet and Strip. The sheet shall be in-

spected by a shear wave beam pointed in both longitudinal:andtrans-

verse directions. Calibration shall be done on notches cut perpen-

dicular to the direction of the beam in pieces of sheet of the same

material and thickness as that to be inspected. If that portion is

later trimmed and scrapped, the calibration notches may be made on a

section of the actual sheet. The depth of the calibration notches

shall be 3% of the sheet thickness; width, no g_reater than the depth;

length, no more than i inch. All notches shall be at least i inch

fromthe edge of the sheet. Duplicate notches may be made on the oppo-

site face of the sheet in locations where the sound beam will not in-

tersect both notches in a single traverse, or the sheet may be turned

over during calibration to determine the relative response from the

calibration notch on both the incident and far side of the sheet.

5.7.1.2.4. Evaluation. Evaluation during inspection shall be made

against the appropriate calibration defect. For example, with shear

wave, the defects on or near the far surface shall be compared to the

calibration from the far surface notch; defects near the center shall

be compared to the calibration from the hole at the appropriate depth;

defects on the near surface shall be compared to the calibration from

the near surface notch.

5.7.1.2.5. Reports. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitudes and gain settings

and the amplitude and location of each defect whose amplitude is 60%

or greater.

5.7.1.2.6. Rejection. The above procedure shall be followed, and in-

dications of defe_ts which exceed the magnitude obtained from the appro-

priate calibrated notch in the sample shall be cause for rejection, un-

less otherwise agreed by the purchaser and vendor.

5,7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or

AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-

spected shall be marked with ink stamps as described in the specifi-

cation; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specifica-

tion and the purchase order or contra_t number.
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5.8. Rejection. Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless

otherwise specified, rejected material may be returned to the manu-

facturer at the manufacturer's expense if the purchaser does not re-

ceive other instructions for disposition within three weeks after

notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree about

the conformance of the material to the requirements of this specifica-

tion or any special test specified by the purchaser, a mutually accept-

able referee's test shall be used to determine conformance°

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-

tion, purchase order or contract number, type, ingot number, lot number,

nominal size, and the gross, net, and tare weights° When each bundle,

box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually.

6.2. Packing. Each individual item shall be wrapped in heavy gauge

polyethylene film or other similar material and packed in a manner

assuring safe delivery when properly transported by any common carrler°

7. DEFINITIONS

7.1. Lo____tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of.material and which has received

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all operations in which

temperatures may reach 500°F or above° When process temperatures and

environments are closely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has been

obtained from the General Electric Company.

7.2. Check Analysis. An analysis may be made or requested by the purchaser

of the metal after it has been processed into finished mill forms, to

verify the composition within a heat or lot. Check analysis tolerances

do not broaden the specified heat analysis requirements but rather

cover variations between laboratories in the measurement of the chemi-

cal content.

_=3,47_
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|
7,3. Significance of Numerical Limits. For determining compliance m

with the specified limits for requirements of the properties listed

below, an observed value or a calculated value shall be rounded off !
using the roundlng-off method in ASTM Deslgnation E29-58T, "Recommend-

ed Practices for Designating Significant Places in Specified Limiting

Value s." I

' Rounded-Off Unit for

Test Observed or Calculated Value

_ and di- Nearest unit in the last right-

n

m

menslonal tolerances (when hand place of figures of the n
expressed decimally) specifled limit

Tensile strength

Elongation

Rupture Life

Nearest i00 psi

Nearest 1%

Nearest 0.I hour

!

I

!

!
I

!

|

!

,i

I
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SPECIFICATION

SEAMLESS TUBING AND PIPE: D-43

(Cb-10W-IZr-0.1C) ALLOY

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215
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i. SCOPE

1.i. Scope.

SPECIFICATION

SEAMLESS TUBING AND PIPE: D-43

<Cb-10W-IZr-0. IC) ALLOY

This specification covers D-43 (Cb-10W-IZr-0.1C) alloy

in tube and pipe form intended for high temperature structural appli-
cations and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T

(26 December 1957)

Method of Tension Testing of
Metallic Materials

ASTM Designation E29-58T

(1958)

Recommended Practices for

Designating Significant Places

in Specified Limiting Values

ASTM Designation (Pending) Methods for Chemical Analysis

of Reactor and Commercial

Columbium

ASTM Designation EI12-61

(1961)

Estimating Average Grain Size

of Metals

AMS 2635

(15 August 1958)

Radiographic _spection

AMS 2645

(i March 1955)

Fluorescent Penetrant Inspec-
tion

AMS 2646

(i March 1955)

Contrast Dye Penetrant Inspec-
tion

-150-
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3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification

in all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be

made from ingots which have been double vacuum melted by the electron

beam and/or consumable electrode arc melting processes. Breakdown

operations shall be performed with conventional extrusion, forging,

tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures,

percentages of reduction, in-process annealing temperatures and times

shall be selected by the vendor to achieve the grain size range speci-

fied in paragraph 3.6 and mechanical properties specified in paragraph

3.7. The total amount of reduction from the _urned ingot to the final

product shall exceed 175%. The amount of final reduction for each mill

product, imparted just prior to the final vacuum heat treatment and

the total reduction since the last recrystallization anneal shall be

reported in the certificate of compliance.

3.4. Condition

3.4.1. General. The finished product will be supplied in the recry-

stallized condition throughout the cross-sectional area to the grain

size range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

of less than i x 10-5 torr. All mill products to be annealed shall be

thoroughly degreased, chemically cleaned and protected from furnace

parts by a layer of fresh tantalu_ columbium or Cb-iZr alloy foil 0.002-

inch thick or greater. When annealing is carried out in a vacuum

greater than i x 10-5 torr, with the prior approval of the purchaser,

all mill products shall be enclosed in a chemically cleaned tantalum,

columbium or Cb-IZr alloy retort or wrapped in a minimum of two layers

of fresh tantalum, columbium or Cb-IZr alloy foil 0.002-inch thick or

greater. The conditions of final annealing shall be reported in the

certificate of compliance.

3.4.3. Contamination. All items are to be free of contamination or

internal oxidation. After final heat treatment, the material shall be

examined metallographically for evidence of possible contamination

caused by unsatisfactory heat treating atmospheres or processing con-

ditions. A microhardness traverse shall show a hardness increase not
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greater than 50 VHN from the center to the surface of a cross-sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table

I (page 5). A minimum of four analyses shall be obtained as follows:

ingot top-center, mid-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analysis for products supplied under

this specification (Table I) except carbon, oxygen, nitrogen and hy-

drogen content which shall be determined on the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed

the following limits or variations:

For Wall Thicknesses 0.020 Inch or Greater

Check Analysis

Limits_ ppm

Element Max. Min.

Permissible Variations

in Check Analysis, ppm

Carbon 1200 800 + 50

Oxygen 200 - + 20

Nitrogen

Hydrogen

i00 - + i0

20 - + 5

For Wall Thicknesses Less Than 0.020 Inch

Element

Check Analysis

Limits 2 ppm
Max. Min.

Permissible Variations

in Check Analysis, ppm

Carbon 1200 800 + 50

.-15P--
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Element

Carbon

Nitrogen

Oxygen

Hydrogen

Tantalum

Molybdenum

Nickel

Cobalt

Iron

Tungsten

Zirconium

Columbium

TABLE I
i

CHEMICAL COMPOSITION

D-43 (C_-IOW-IZr-0.1C) ALLOY

Minimum Content

ppm,

800

m

9.0 w/o

0.75 w/o

Remainder

Maximum Content

ppm_

1200

75

i00

i00

I000

200

200

50

200

ii.0 w/o

1.25 w/o

m
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Oxygen 400

Nitrogen i00

Hydrogen 20

Check Analysis

Limits_ ppm
Max. Min •
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Permissible Variations

in Check Analysis_ p_m

+ 20

+ i0

+ 5

3.6. Grain Size.

to the following limits:

Allowable Spread

Product Wall Minimum Allowable in ASTM Grain Size

Thickness_ Inches ASTM Grain Size No. Nos. in Any One Item

The grain size of the final products shall conform

Less than 0.010 6 2

0.010 to 0.065 6 2

0.065 to 0.125 5 2

0.125 to 0.250 4 2

0.250 to 0.500 3 3

3.7. Mechanical Properties.

%R
X

Minimum

90

90

90

90

90

The final product shall satisfy the fol-

lowing mechanical property requirements:

3.7.1. Room Temperature Tensile Properties. Representative samples

of the material in final form shall be capable of the following prop-

erty limits at room temperature (65°+85°F).

Ultimate Tensile

Strength+ ksi

Minimum Maximum

0.2% Yield

Strength, ksi

Minimum Maximum,

Elong., 7_(I)

Minimum

70 90 50 70 15

(i) % Elongation in 4D for Threaded or Button-

Head Test Specimens; in 2 Inches for Flat

Specimens.
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3.7.2. Stress-to-Rupture Tests. The material shall be capable of

achieving the following stress-rupture life under suitable environ-

mental conditions (see paragraph 5.4.3).

Test Temp. _ °F Stress_ ksi

Minimum Life

Hours

2200 12 20

Chemical analysis of stress-rupture specimens after test shall demon-

strate that the degree of environmental contamination did not exceed

the following limits: total increase in oxygen plus nitrogen content--

less than i00 ppm; increase in hydrogen content--less than 5 ppm; in-

crease in carbon content--less than i0 ppm. The following limits shall

apply to the check analyses of analytical results:

Carbon + i0 ppm

Oxygen _ 50 ppm

Nitrogen ± 50 ppm

Hydrogen ! 2 ppm

3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger inoutside

diameter with a wall thickness of 0.015 inch or over, shall _e tested

to a Hydrostatic pressure sufficient to produce a fiber stress of 12,000

psi. The test pressure, not to exceed i0,000 psi, shall be determined

by the equation (P = 2St/D), where:

P = hydrostatic test pressure in pounds per square inch;

S = 12,000 psi;

t = average wall thickness of the tube in inches;

D = outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be cap-

able of being flared without cracking. The flare shall be made with

a tool having a 60-degree included angle until the specified outside

diameter has been increased by 15%.

=155=
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3.8. Tolerances

3.8.1. Diameter and Wall Thickness. The permissible variations in

diameter and wall thickness of tube shall not exceed those prescribed

in Table II (refer to page 9).

3.8.2. Length. When tube is ordered cut-to-length, the usable length

shall not be less than that specified, but a variation of plus 1/8 inch

will be permitted in lengths up to 6 feet. In lengths over 6 feet, a

variation of plus 1/4 inch will be permitted, unless otherwise specified.

3.8.3. Straightness. The tube shall be free of bends or kinks. For

lengths up to I0 feet, the maximum bow shall not exceed one part in

1200; for lengths greater than i0 feet, the maximum bow shall not ex-

ceed one part in 600, unless otherwise agreed upon.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprietary manufacturing methods, processing

conditions, and test procedures and results for each lot of material in

the shipment. The report shall also include the number of the specifi-

cation and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. Cracks, laps, seams, fins, and tears shall be un-

acceptable. The surface shall also be free from oxide or scale of

any nature, grease, oil, residual lubricants, or other extraneous mate-
rial.

4.2. Porosity and Inclusions. Indications with dimensions greater

than 3% of the wall thickness shall be unacceptable. Indications with

dimensions in the range of 1% to 3% of wall thickness must be a mini-

mum of 0.50 inch apart. Indications with dimensions less than 1% of

the wall thickness must be a minimum of 0.12 inch apart.

4.3. Surface Rework. Defects less than 3% of the nominal wall thick-

ness detected by penetrant or ultrasonic inspection may be removed by

grinding provided the wall thickness is not decreased below that per-

mitted in Table II (refer to page 9).

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all tests

and inspections of the material covered by this specification before

shipment unless otherwise specified. All test and inspection results

shall be furnished to the purchaser.
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TABLE II

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Wall

Nominal OD OD ID Thickness

Inches Inch Inch %

0.187 to but not incl. 0.625

0.625 to but not incl. 1.000

1.000 to but not incl. 2.000

2.000 to but not incl. 3.000

3.000 to but not incl. 4.000

+ 0.004 + 0.004 + i0

+ 0.005 + 0.005 + i0

+ 0.0075 + 0.0075 + i0

+ 0.010 + 0.010 + I0

+ 0.0125 + 0.0125 + i0

NOTES: .............

(i) Tolerances are applicable to only the two dimensions specified

on the purchase order, e.g., outside diameter and wall; inside

diameter and wall; outside diameter and inside diameter.

(2) For tolerances applicable for very small tubes (less than 0.187-

inch diameter) or very thin-wall tubes (less than 0.010-inch

thick), the producer shall be consulted.

(3) For tubes having an inside diameter less than 60% of the outside

diameter or a wall 3/4 inch or over thick, which cannot be suc-

cessfully drawn over a mandrel, the inside diemeter may vary by

an amount equal to plus or minus 10% of the wall thickness. The

wall thickness of these tubes may vary plus or minus 12.5% from

that specified.

(4) Ovality measured at any cross section: For tubes with nominal

wall thickness less than 3% of the nominal outside diameter, the

ovality tolerances are double the tolerances in column 2 or 3.

For ovality tolerances for tubes with wall thickness less than

2% nominal outside diameter, the producer shall be consulted.

, 157_
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5.2_ Customer Review. The purchaser or his representative may wit-

ness the testing and inspection of the material. The manufacturer shall

gi_ the purchaser ample notice of the time and place of designated

tests. If the purchaser's representative is not present at this time

and a new date is not set, the requirement for purchaser's inspection

at the place of testing is waived. When the purchaser's representa-

tive is present at the appointed time and place, the manufacturer

shall afford him, without charge, all reasonable facilities to assure

that the material is being furnished in accordance with this specifi-

cation. This inspection shall not interfere unnecessarily with pro-

duction operations.

!

5.3. Sample Selection. Care shall be exercised to insure that the •

sample selected for testing is representative of the material and un- |
contaminated by the sampling procedure. If there is any question about

the sampling technique or the analysis,themethods for sampling and

analysis shall be those agreed to by the buyer and seller. The speci-

men configuration selected for the performance of the testing required

in paragraphs 5.4.2 and 5.4.3 shall be mutually agreed upon by the

vendor and the purchaser prior to the placement of a purchase order.

The location of all test samples shall be reported in the certificate

of compliance.

5.4. Test Methods

5.4.1. Chemical Analysis. Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon, and the spectrochemical meth-

ods for metallic elements. Disputes shall be settled by accepted

referee methods, such as the ASTM "Methods for Chemical Analysis of

Reactor and Commercial Columbium."

5.4.2. Tensile Test. The tension test shall be performed in accord-

ance with ASTM Designation E8-57T, "Methods of Tension Testing of

Metallic Materials." Yield strength shall be determined by the off-

set (0.2%) method. The tensile properties shall be determined using

a strain rate of 0.005 inch per inch per minute up to 0,6% offset and

then 0.050 inch, plus or minus 0.020 inch, per inch per minute to

fracture.

5.4.3. Stress-Rupture Tests. Stress-rupture properties of specimens

shall be determined by mutually acceptable testing techniques. Sug-

gested testing techniques for determining stress-rupture properties

are:

!

--i

!

!

i

!

!

I

!

I

-188-



I

i

I

I

i

I

I
I

I

I
I

I

I
I

I
I

I

I

SPPS-56-RI

23 December 1964

Page ii of 15

Specimens shall be tested in a vacuum of i x 10 -6 torr or

better. The vacuum system shall incorporate an optically

tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test temper-

ature before application of loado

Test temperature shall be maintained at plus or minus 10°F

during the test.

5.4.4. Grain Size. Grain size determinations shall be made according

to ASTM Specification EIi2-61, "Estimating the Average Grain Size of

Metals."

5.5. Number of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material

shall be taken to determine conformity to this specification. The

minimum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Flare Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Hydrostatic Proof Test - 100%

5.6. Retest and Rework

5.6.1. Surface Contamination, Any sample or specimen exhibiting ob-

vious surface contamination or improper preparation which disqualifies

it as a truly representative sample shall be replaced with a new sam-

ple.

5.6.2. Rework. If inspection and test results of a lot do not con-

form to the requirements of this specification, the lot may be re-

worked at the option of the manufacturer. The lot shall be acceptable

if all test results, after reworking, conform to this specification.

_59
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5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. Radiographic. When specified, the product shall be radio-

graphed and found free of porosity and inclusions as specified in

paragraph 4.2 using the techniques described in AMS 2635, "Radiographic

Inspection." The radiographs and product shall be identified so that

the exact position of each radiograph can be correlated with the speci-

fic area on a particular product.

5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the

purchaser and the vendor, the material shall be inspected ultrasonically.

5.7.1.2.1 ....Method and Equipment. Ultrasonic inspection shall be by

the immersed technique at 5 mc or higher frequency using focused trans-

ducers. Inspection shall be by both circumferential and axial shear

techniques with longitudinal wave being added when the wall thickness

is greater than 0.150 inch. For longitudinal wave technique and for

circumferential shear, transducers up to 2 _nches long may be used with

or without automatic equipment to rotate the tube past the transducer.

If spiral pattern inspection traverse is not used, steps must be taken

to assure that:the ultrasonic beam remains in the same position rela-

tive to the tubing so the beam-to-tubing angle remains constant. For

axial (longitudinal) shear, transducers_usthave no greater than 0.5

inch axial length. Transducers must be cylindrically focused for a

diameter range which includes the tubing on which it is to be used.

5.7.1.2.2. Calibration. Calibration shall be on notches (a total of

four, two axial and two circumferential), cut in the tube on both the

outside and inside surface unless otherwise specified. The depth of

the notches shall be 3% of the wall thickness to a minimum depth of

0.001 inch; the width, no greater than depth; the length, at least

that of the ultrasonic beam with a maximum length of i inch. Material

having a wall thickness greater than 0.150 inch shall also have an

0.020 inch diameter hole machined into the wall in the longitudinal

direction at mid-point of the wall thickness. Focusing shall be done

to maximize the indication from the inside diameter notch placed pro-

perly for the type of inspection contemplated. After focusing is com-

pleted, the inside diameter indication shall be set at 80% and gain

setting recorded. Gain setting for 80% on the outside diameter notch

shall also be recorded. Inspection shall be at the gain setting for

the inside diameter indication. A distance corresponding to the wall

thickness shall be marked on _the oscilloscope. Focal distance to the

part to be inspected shall be set to that used for the calibration

1.60_
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piece before beginning inspection. Calibration shall be done both be-

fore and after the inspection or at the beginning and end of each work

shift. If calibration has changed (gain change greater than 5%), all

inspections since the previous calibration shall be repeated.

5.7.1.2.3. Rejection.° Rejection shall be by any indication which ex-

ceeds the amplitude of the respective calibration indication; i.e.,

inside diameter defects shall be compared tothe indication from the

notch on the inside diameter, and outside diameter defects shall be

compared to the indication from the notch on the outside diameter. De-

fects less than half the thickness from the surface or less than 0.150

inch from the surface, whichever is smaller, shall be compared to the

outside diameter calibration indication. Defects more than half the

thickness from the incident surface ormore than 0.150 inch from the

surface shall be compared to the indications from the inside diameter

calibration notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitudes and gain settings

and the amplitude and location of each defect whose amplitude is 60%

or greater.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or

AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-

spected shall be marked with ink stamps as described in the specifi-

cation; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specification

and the purchase order or contract number.

5.8. Rejection, Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless

otherwise specified, rejected material may be returned to the manu-

facturer at the manufacturer's expense if the purchaser does not re-

ceive other instructions for disposition within three weeks after

notice of rejection.

5.9. Referee. If the manufacturer and the purchaser disagree con-

cerning the conformance of the material to the requirements of this
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specification or any special test specified by the purchaser, a mu-

tually acceptable referee's test shall be used to determine conform-

anc e.

I

I

I
6. PREPARATION FOR DELIVERY t

i

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica- t

tion, purchase order or contract number, type, ingot number, lot number, |
nominal size, and the gross, net and tare weights. When each bundle,

box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually. |

6.2. Packing. The ends of each pipe or tube shall be sealed with

suitable plastic caps and each individual item shall be wrapped in

heavy gauge polyethylene or similar material and packed in a manner

assuring safe delivery when properly transported by a common carrier.

7. DEFINITIONS

7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all operations in which

temperatures may reach 500°F or above. When process temperatures and

environments are closely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has been

obtained from the General Electric Company.

7.2. Check Analysis. An analysis either made or requested by the

purchaser of the metal, after it has been processed into finished mill

forms, for the purpose of verifying the composition within a heat or

lot. Check analysis tolerances do not broaden_the specified heat anal-

ysis requirements but rather cover variations between laboratories in

the measurement of the chemical content.

7.3. SiKnificance of Numerical Limits, For determining compliance

with the specified limits for requirements of the properties listed be-

low, an observed value or a calculated value shall be rounded off using

the rounding-off method in ASTM Designation E29-58T, "Recommended

Practices for Designating Significant Places in Specified Limiting
Values."

I

I

I
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Test

Chemical composition and

dimensional tolerances

(when expressed decimally)

Tensile strength

Elongation

Rupture life

SPPS-56-RI
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Rounded-Off Unit for

Observed or Calculate_ Value

Nearest unit in the last right-

hand place of figures of the

specified limit

Nearest i00 psi

Nearest 1%

Nearest 0. i hour
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SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY
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SPECIFICATION

SEAMLESS TUBING AND PIPE: T-222

(Ta-10.4W-2.4Hf-0.01C) ALLOY

i. SCOPE i

i.i. Scope. This specification covers T-222 (Ta-10.4W-2.4Hf-0.01C)

alloy in tube and pipe form intended for high temperature structural

applications and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T

(26 December 1957)

Method of Tension Testing of

Metallic Materials

ASTM Designation E29-58T

(1958)

Recommended Practices for

Designating Significant Places

in Specified Limiting Values

ASTM Designation EI12-61

(1961)

Estimating Average Grain Size
of Metals

AMS 2635

(15 August 1958)

Radiographic Inspection

AMS 2645

(i March 1955)

Fluorescent Penetrant Inspec-
tion

AMS 2646

(I March 1955)
Contrast Dye Penetrant Inspec-
tion

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification

in all quotations and all purchase order acknowledgments.

-166-
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3.2. Manufacture. Material covered by this specification shall be

made from ingots which have been double vacuum melted by the electron

beam and/or consumable electrode arc melting processes. Breakdown

operations shall be performed with conventional extrusion, forging,

tube reducing and drawing equipment normally found in primary ferrous

and nonferrous plants.

3.3. Processing° The starting stock size, processing temperatures,

percentages of reduction, in-process annealing temperatures and times

shall be selected by the vendor to achieve the grain size range speci-

fied in paragraph 3.6 and mechanical properties specified in paragraph

3.7. The total amount of reduction from the turned ingot to the final

product shall exceed 75%. The amount of final reduction for each mill

product, imparted just prior to the final vacuum heat treatment and

the total reduction since the last recrystallization anneal shall be

reported in the certificate of compliance.

3.4. Condition ....

3.4.1. General. The finished produc t will be supplied in the recry-

stallized condition throughout the cross-sectional area to the grain

size range specified in paragraph 3.6. i

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

of less than i x 10-5 torr. All mill products to be annealed shall be

thoroughly degreased, chemically cleaned and protected from furnace

parts by a layer of fresh tantalum, columbium or Cb-iZr alloy foil

0.002-inch thick or greater. When annealing is carried out in a vacuum

greate_ than i x 10-5 torr, with the prior approval cf the purchaser,

all mill p_oducts shall be enclosed in a chemically cleaned tantalum,

columbium or Cb-iZr alloy retort or wrapped in a minimum of two layers

of fresh tantalum, columbium or Cb-iZr alloy foil 0.002-inch thick or

greater. The conditions of final annealing shall be reported in the

certificate of compliance.

3.4.3. Contamination. All items are to be free of _ontamination or

internal oxidation. After final heat treatment, the material shall be

examined metallographically for evidence of possible contamination

caused by unsatisfactory heat treating atmospheres or processing condi-

tions. A microhardness traverse shall show a hardness increase not

greater than 50 VHN from the center to the surface of a cross sectional

sample of the final product° At the discretion of the purchaser, sam-

ples taken to include at least one surface of the final product, and

not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall

not exceed the limits set forth in paragraph 3.5.3. Any indication of

contamination shall be cause for rejection of all material represented

by that sample. The material shall be acceptable if the contaminated

layer is completely eliminated before shipment by a machining operation

within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table

I (page 5). A minimum of four analyses shall be obtained as follows:

ingot top-center, mid-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analyses for products supplied under

this specification (Table I) except carbon, oxygen, nitrogen and hy-

drogen content which shall be determined on the finished product.

3.5.3. Check AnalTsis. The finished product analysis shall not ex-

ceed the following limits or variations:

For Wall Thicknesses 0.020 Inch or Greater

Element

Check Analysis

Limits I ppm

Maximum Minimum

Permissible Variations

in Check Analysis, ppm

Carbon 175 80 _ I0

Oxygen 150 - + 20

Nitrogen 75 - + i0

Hydrogen I0 - + 2

For Wall Thicknesses Less Than 0.020 Inch

Element

Check Analysis

Limits_ ppm

Maximum Minimum

Permissible Variatiofis

•in Check Analysis, ppm

Carbon 175 80

Oxygen 300 -

Nitrogen i00 -

Hydrogen i0 -

+ i0

4- 20

+ i0

+ 2
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T-222

Element

Carbon

Nitrogen

Oxygen

Hydrogen

Columblum

Molybdenum

Nickel

Cobalt

Iron

Vanadium

Tungsten

Hafnium

Tantalum

..TABLE

CI_lI_m A_ C 0_01S _T I ON

(Ta-XI4W-2.4Hf-0.01C) ALLOY

Minimum Content

, IPP m,

80

m

9.6 w/o

2.2 w/o

Remainder

Maximum Content

ppm

175

50

I00

10

1000

200

50

50

50

20

ii. 2 w/o

2.8 Wlo
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3.6. Grain Size. The grain size of the final products shall conform

to the following limits:

Product Wall

Thickness, Inches

Allowable Spread

Minimum Allowable in ASTM Grain Size

ASTM Grain Size No, Nos. in Any One Item

% R x
Minimum

Less than 0.010 6 2i i00

0.010 to 0.065 6 2 i00 .

0.065 to 0.125 5 2 i00

0,125 to 0.250 4 2 95

0.250 to 0.500 3 3 90

3.7. Mechanical Properties. The final product shall satisfy the fol-

lowing mechanical property requirements:

3.7ol. Room Temperature Tensile Properties, Representative samples

of the material in final form shall be capable of the following property

limits at room temperature (65°-85°F).

Ultimate Tensile

Strength_ ksi

Minimum Maximum

0.2% Yield

Strength_ ksi

Minimum Maximum

Elong°, %(i)

Minimum

105 125 i00 120 20

(i) % Elongation in 4D for Threaded or Button-

Head Test Specimens; in 2 Inches for Flat

Specimens.

3.7.2. Stress-to-Rupture Tests. The material shall be capable of

achieving the following stress-rupture life under suitable environ-

mental conditions (see paragraph 5.4.3) :

Test Temp, _ °F Stress_ ksi

Minimum Life

Hours

2400 30 20

_=.i70

1
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Chemical analyses of stress-rupture specimens after test shall demon-

strate that the degree of environmental contamination did not exceed

the following limits: total increase in oxygen plus nitrogen content--

less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-

crease in carbon content--less than i0 ppm. The following limits shall

apply to check analyses of analytical results:

± i0 ppm

± 25 ppm

Carbon

I Oxygen

!

Nitrogen

Hydrogen

3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside

+ 25 ppm

+ 2 ppm

diameter with a wall thickness of 0.015 inch or over, shall be tested

I a hydrostatic pressure to produce a stress
to sufficient fiber of

12,000 psi. The test pressure not to exceed 10,000 psi, shall be de-

i termined by the equation (P = 2St/D), where:

P = hydrostatic test pressure in pounds per square inch;

S = 12,000 psi;

t

D =

average wall thickness of the tube in inches;

outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be cap-

able of being flared without cracking. The flare shall be made with

a tool having a 60-degree included angle until the specified outside

diameter has been increased by 15%.

3.8. Tolerances

3.8.1. Diameter and Wall Thickness. The permissible variations in

diameter and wall thickness of tube shall not exceed those prescribed

in Table II (refer to page 8).

I 3.8.2. Length. When tube is ordered cut-to-length, the usable lengthshall not be less than that specified, but a variation of plus 1/8 inch

will be permitted in lengths up to 6 feet. In lengths over 6 feet, a.

I variation of plus 1/4 inch will be permitted, unless otherwise specifzed.
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TABLE II

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

I
I

I

Nominal OD

Inches

0.187 to but not incl. 0.625

0.625 to but not incl. 1.000

1.000 to but not Incl. 2.000

2.000 to but not incl. 3.000

3.000 to but_ not Incl. 4.000

NOTES :

Wall

OD ID Thickness

Inc___hh Inch %

_+ 0 004 _+ 0 004 _+ I0

%+0 005 + 0 005 + i0
___O, 0075 __+0. 0075 __+i0

+ 0.010 + 0.010 + i0

+ 0.0125 + 0,0125 + 10

(I) Tolerances are applicable to only the two

}, ------

dimensions

I
I
I

I

specified I

on the purchase order, e,g., outside diameter and wall; inside

diameter and wall; outside diameter and inside diameter.

(2) For tolerances applicable for very small tubes (less than 0.187-

inch diameter) or very thln-wall tubes (less than 0.010-inch

thick), the producer shall be consulted.

(3)

(4)

For tubes having an insidediameter less than 60% of the outside

diameter or a wall 3/4 inch or over thick, which cannot be suc-

cessfully drawn over a mandrel, the inside_iameter may vary by

an amount equal to plus or minus 10% of the wall thickness. The

wall thickness of these tubes may vary plus or minus 12.5% from

that specified.
m

Ovality measured at any crosssection: For tubes with nominal U

wall thickness less than 37. of the nominal outside diameter, the

ovality tolerances are double the tolerances in column 2 or 3.

For ovality tolerances for tubes with wall thickness less than
g

27. nominal outside diameter, the producer shall be consulted. I
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3.8.3. Straightness. The tube shall be free of bends or kinks. For

lengths up to i0 feet, the maximum bow shall not exceed one part in 1200;

for lengths greater than i0 feet, the maximum bow shall not exceed one

part in 600, unless otherwise agree upon.

3.9. Reports. The manufacturer shall supply at least three copies

of a report showing non-proprletary manufacturing methods, processing

conditions and test procedures and results for each lot of material in

the shipment. The report shall also include the number of the speci-

fication and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. Cracks, laps, seams, fins and tears shall be unaccept-

able. The surface shall also be free from oxide or scale of any nature,

grease, oil, residual lubricants, or other extraneous material.

4.2. Porosity and Inclusions. Indications with dimensions greater

than 3% of the wall thickness shall be unacceptable. Indications with

dimensions in the range of i% to 3% of wall thickness must be a mini-

mum of 0.50 inch apart. Indi_atlons with dimensions less than i% of

the wall thickness must be a minimum of 0.12 inch apart.

4.3. Surface Rework. Defects less than 3% of the nominal wall thick-

ness detected by penetrant or ultrasonic inspection may be removed by

grinding, provided the wall thickness is not decreased below that per-

mitted in Table II (refer to page 8).

5. QUALITY ASSURANCE PROVISIONS

5.1. Vendor Responsibility. The manufacturer shall make all test

and inspection of the material covered by this specification before

shipment unless otherwise specified. All test and inspection results

shall be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may witness

the testing and inspection of the material. The manufacturer shall give

the purchaser ample notice of the time and place of designated tests.

If the purchaser's representative is not present at this time and a new

date is not set, the requirement for purchaser's inspection at the place

of testing is waived. When the purchaser's representative is present

at the appointed time and place, the manufacturer shall afford him, with-

out charge, all reasonable facilities to assure that the material is
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being furnished in accordance with this specification. The inspec-

tion shall not interfere unnecessarily with production operations.

I

!

5.3. Sample Selection. Care shall be exercised to insure that the

sample selected for testing is representative of the material and un-

contaminated by the sampling procedure. If there is any question about B

the sampling technique or the analysls,£he methods for sampling and
w

analysis shall be those agreed to by the buyer and seller. The speci- i

men configuration selected for the performance of the testing required I
in paragraphs 5.4.2. and 5.4.3. shall be mutually agreed upon by the

vendor and purchaser prior to placement of a purchase order. The lo-

cation of all test samples shall be reported in the certificate of com-

pliance.

I

I

5.4. Test Methods I

5.4.1. Chemical Analysis. Chemical analyses shall be Conducted by m

mutually acceptable procedures, such as the vacuum fusion methods for i
gases, the combustion method for carbon, and the spectrochemical meth-

ods for metallic elements. I
5.4.2. Tensile Test. The tensi0ntest shall be performed in accord-

ance with ASTM Designation E8-57T _, "Methods of Tension Testing of •

Metallic Materials." Yield strength shall be determined by the offset |
(0.2%) method. The tensile properties shall be determined using a

strain rate of 0.005 inch per inch per minute up to 0.6% offset and i

then 0.050 inch, plus or minus 0.020 inch, per inch per minute to f
fracture.

i

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens I

shall be determined by mutually acceptable testing techniques. Sug-

gestedtesting techniques for determining stress-rupture properties
are: |

Specimens shall be tested in a vacuum of i x 10 -6 torr or

better. The vacuum system shall incorporate an optically

tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test temper-

ature before application of load.

Test temperature shall be maintained at plus or minus 10°F

during the test.

I

!
I

I
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5.4.4. Grain Size. Grain size determinations shall be made according

to ASTM Specification EI12-61, "Estimating the Average Grain Size of

Metals."

5.5. Number of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material

shall be taken to determine conformity to this specification. The

minimum frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Flare Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Hydrostatic Proof Test - 100%

5.6. Retest and Rework

5.6. i. Surface Contamination. Any sample or specimen exhibiting Ob-

vious surface contamination or improper preparation which disqualifies

it as a truly representative sample shall be replaced with a new sample.

5.6.2. Rework. If inspection and test results of a lot do not conform

to the requirements of this specification, the lot may be reworked at

the option of the manufacturer° The lot shall be acceptable if all

test results, after reworking, conform to this specification°

5.7. Inspection

5.7olo Methods of Inspection

5.7.1olo Radiographic ,. When specified, the product shall be radio-

graphed and found free of porosity and inclusions as specified in para-

graph 4°2 using the techniques described in AMS 2635, "Radiographic

Inspection." The radiographs and product shall be identified so that

the exact position of each radiograph can be correlated with the speci-

fic area on a particular product.
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5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the pur-

chaser and the vendor, the material shall be inspected ultrasonically.

5.7.1.2olo Method and Equipment. Ultrasonic inspection shall be by

the immersed technique at 5 mc or higher frequency using focused trans-

ducers. Inspection shall be by both circumferential and axial shear

techniques with longitudinal wave being added when the wall thickness

is greater than 0.150 inch. For longitudinal wave technique and for

circumferential shear, transducers up to 2 inches long may be used with

or without automatic equipment to rotate the tube past the transducer.

If spiral pattern inspection traverse is not used, steps must be taken

to assure that the ultrasonic beam remains in the same position rela-

tive to the tubing so the beam-to-tubing angle remains constant. For

axial (longitudinal) shear, transducers must have no greater than 0_5

inch axial length. Transducers must be cylindrically focused for a

diameter range which includes the tubing on which it is to be used.

5.701o2.2o Calibration. Calibration shall be on notches (a total of

four, two axial and two circumferential), cut in the tube on both the

outside and inside surface unless otherwise specified° The depth of the

notches shall be 3% of the wall thickness to a minimum depth of 0°001

inch; the width, no greater than depth; the length, at least that of the

ultrasonic beam with a maximum length of i inch. Material having a

wall thickness greater than 0.150 inch shall also have an 0.020-inch

diameter hole machined into the wall in the longitudinal direction at

mid-point of the wall thickness. Focusing shall be done to maximize

the indication from the inside diameter notch placed properly for the

type of inspection contemplated. After focusing is completed, the

inside diameter indication shall be set at 80% and gain setting re-

corded. Gain setting for 80% on the outside diameter notch shall also

be recorded° Inspection shall be at the gain setting for the inside

diameter indication. A distance corresponding to the wall thickness

shall be marked on the oscilloscope. Focal distance to the part to be

inspected shall be set to that used for the calibration piece before

beginning inspection. Calibration shall be done both before and after

the inspection or at the beginning and end of each work shift. If

calibration has changed (gain change greater than 5%), all inspections

since the previous calibration shall be repeated.

5.7.1.2.3. Rejection. Rejection shall be by any indication which ex-

ceeds the amplitude of the respective calibration indication; i.eo, in-

side diameter defects shall be compared to the indication from the notch

on the inside diameter, and outside diameter defects shall be compared

".6
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to the indication from the notch on the outside diameter. Defects less

than half the thickness from the surface or less than 0.150 inch from

the surface, whichever is smaller, shall be compared to the outside

diameter calibration indication. Defects more than half the thickness

from the incident surface or more than 0.150 inch from the surface

shall be compared to the indications from the inside diameter calibra-

tion notch.

5.7.1.2.4. Reports. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitudes and gain settings

and the amplitude and location of each defect whose amplitude is 60%

or greater.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or

AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspected

shall be marked with ink stamps as described in the specification; im-

pression stampings or etching shall be unacceptable.

5.7.1.4. Reports° The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specifica-

tion and the purchase order or contract number.

5.8. Rejection. Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless other-

wise specified, rejected material may be returned to the manufacturer

at the manufacturer's expense if the purchaser does not receive other

instructions for disposition within three weeks after notice of rejec-
tion.

5.9. Referee. If the manufacturer and the purchaser disagree con-

cerning the conformance of the material to the requirements of this

specification or any special test specified by the purchaser, a mu-

tually acceptable referee's test shall be used to determine conform-

ance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly

and conspicuously marked or tagged with the number of this specifica-

tion, purchase order or contract number, type, ingot number, lot number,

nominal size, and the gross, net and tare weights. When each bundle
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box or carton consists of components from more than one ingot number

or lot number, each component shall be identified individually.

6.2. Packing. The ends of each pipe or tube shall be sealed with

suitable plastic caps and each individual item shall be wrapped in

heavy gaugepolyethylene or similar materialend packed in a manner

assuring safe delivery when properly transported by a con_non carrier.

7. DEFINITIONS

7.1. Lo___tt. A lot shall include all material of the same size, shape,

condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing

charge andhas been processed simultaneously in all operations in which

temperatures may reach 500°F or above. When process temperatures and

environments are closely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has

been obtained from the General Electric Company.

7.2. Check Analysi s. An anaiysis may be requested by thepurchaser

chaser of the metal, after it has been processed into finished mill

forms, for the purpose of verifying the composition within a heat or

lot, Check analysis tolerances do not broaden the specified heat anal-

ysis requirements but rather cover variations between laboratories in

the measurement of the chemical content.

7.3. Significance of NumeriQal Limits. For determining compliance

with the specified limits for requirements of the properties listed

below, an observed value or a calculated value shall be rounded off

using the rounding,off method in ASTM Designation E29-58T, "Recommende_

Practices for Designating Significant Places in Specified Limiting Val_es]!

Test

Chemical composition and di-

mensional tolerances (when

e_essed decimally)

Rounded-Off Unit for

ObserVed '_or Calculated Value

Nearest unit in the last right-

hand place of figures of the

specified limit

Tensile strength Nearest i00 psi

Elongation Nearest 1%

Rupture life Nearest 0.i hour
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SPECIFICAT,ION

SEAMLESS TUBING AND PIPE: COLUMBIUM-I% ZIRCONIUM ALIDY

prepared for

NATIONAL AERONAUTICSAND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE I_)WER AND PRDPULSION SECTION

MISSILE ANDSPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATIj OHIO 45215
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SEAMLESS TUBING AND PIPE:

;[ ZIRCONIUM ALLOY

I. SCOPE

| , ' ,,, ,,m ,

I DATECOLUMBIUM-I% - 0_'11_ 29 Nov. 1965

,, , i u ,lit ,i

PAGE 2 OF 12

NO.

01-0004-00-D

1.1. Scope. This specification covers columblum-1% zirconium alloy in tube and plpe

form intended for high temperature structural applications and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTMDesignation ES-57T
(26 December 1957)

Method of Tension Testing of Metalllc

Materials

ASTM Designation E29-58T

(1958)
Recommended Practices for Designating

Significant Places in Specified Limit-

ing Values

ASTM Designation (Pending) Methods for Chemlcal Analysis of

Reactor and Commercial Columblum

ASTM Designation E112-61

(1961)
Estimating Average Grain Size of Metals

AMS 2635

(15 August 1958)

Radiographic Inspection

AMS 2645

(1 March 1955)

Fluorescent Penetrant Inspection

AMS 2646

(1 March 1955)

Contrast Dye Penetrantlnspectton

s. RzQvZ_Nzs

3.1. Acknowledgments. The vendor shall mention this specification in all quotations

and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made from ingots
which have been double vacuum melted by the electron beam and/or consumable electrode
arc melting processes. Breakdown operations shall be performed with conventional

extruston_ forging_ tube reducing and drawing equipment normally found in ferrous and

nonferrous plants.

3.3. Processin_. The starting stock size_ processing temperatures percentages of
reduction_ in-process annealing temperatures and times shall be selected by the vendor

to achieve the grain size range specified in paragraph 3.6 and mechanical properties

specified in paragraph 3.7. After the final reductton_ the finished product shall be
given a final vacuum anneal for one hour at a minimum temperature of 2200°F, The

amount of total reduction from the turned ingot to the finished product shall exceed
75%; the amount of final reduction since the last recrystalltzatlon anneal and prior
to the final re_rystallization anneal shall exceed 30%.

-1_2.
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"1DATE NO.

SF.JLt/_ESS TUBING AND PTPE: COLUMBZ_4-1% -¢_N11NUED ! 29 Nov. 1965 O1-0004-00-DZIRCONIUM ALLOY

The amount of final reduction for each mill product_ imparted Just prior to the

final vacuum heat treatment 3 and the total reduction since the last recrystallization
anneal shall be reported in the certificate of c6mpliance.

3.4. Condition

3.4.1. General. The finished product will be supplied in the recrystallized condition

throughout the cross-sectional area to the grain size range specified in paragraph 3.6.

3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum of less than

1 x 10 -5 torr. All mill products to be annealed shall be thoroughly degreased_ chemically

cleaned and protected from furnace parts by a layer of fresh tantalumj columbium or Cb-lZr

alloy foil 0.002-inch thick or greater. When annealing is carried out in a vacuum greater
than 1 x 10 -5 torrj with the prior approval of the purchaserj all mill products shall be

enclosed in a chemically cleaned tantalum_ columbium or Cb-lZr alloy retort or wrapped in

a minimum of two layers of fresh tantalumj columbium or Cb-lZr alloy foil 0.002-inch

thick or greater. The conditions of final annealing shall be reported in the certificate
of compliance.

3.4.3. Contamination. All items are to be free of contamination or internal oxidation.

After final heat treatment, the material shall be examined metallographlcally for evidence

of possible contamination caused by unsatisfactory heat treating atmospheres or process-

ing conditions. A mlcrohardness traverse shall show a hardness increase not greater

than 50 VRN from the center to the surface of a cross-sectional sample of the final pro-

duct. At the discretion of the purchaser_ samples taken to include at least one surface

of the final productj and not exceeding 0.050-1nch thlckj may be chemically analyzed

by the purchaser for oxygen_ nltrogenj hydrogen and carbon. The analyses shall not

exceed the limits set forth in paragraph 3.5.3. Any indication of contamination shall

be cause for rejection of all material represented by that sample. The material shall

be acceptable if the contaminated layer is completely eliminated before shipment by a
machining operation within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots and billets for

conversion to finished products shall conform to Table I (page 4). A minimum of four

analyses shall be obtained as follows: ingot top-center_ mid-radius and edge_ and
ingot bottom-center; all analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses shall be considered
the chemical analysis of products supplied under this specification (Table I) except
carbon_ oxygen_ nitrogen and hydrogen content which shall be determined on the finished

product.

3.5.3. Check Anal_sis. The finished product analysis shall not exceed the following
limits or variations:

-183-

I



SEAMI_SS TUBING AND PIPE:

Zl RCO_IUM ALLOY

Zlme,,nt

Carbon

Nitrogen

Oxygen

Hydrogen
Zirconium

Iron

Tantalum

Titanium

Silicon

Boron

Tungsten

Molybdenum
Cadmium

Cobalt

Lead

Manfanese
_lckel

Vanadium

Hafnium

Columbtun_ by
DifferenCe

Co_IuM-l%" ....'_'..........m, -Jl"....._ _..... j o,'r,_':i_. ,_J,,o..PAOe.4_ o, !" i |

OONTII_JED I 29 N°v" 1965[ 01-0004"00_D I I

I
TABLE X

CHEMICAL CO_OSITION I

m ]e c. rxuM AL_ I

_q t e _ Maximum Content Analysis

n , ppm Re(_ulrelen,t I

50 200

-- I00

_ l
80 1.2 w/o

-- 50 I
-- 1000

-- 200 .

-- I00 I

-- 2
-- 200 J
-- 200 •

COLUMBIUM-I% ZIRCONIUM AIZE_
t ,t _

Minimum Content

ppm

I00

0.80 w/o

-- 5

-- 30 cn
o

-- 50

-- 50 'o
e

--- 50
l.b

-- 50 M,

-- ioo _.
98.5 w/o -- I

I
I
I
I
I
I

•_.i_*_

I

I

I



I

, ZI__,ONI_ ALLOY

I
E1 emen t

I arbon

Oxygen

I Nit roge_

COLb_BIt_- I%

i •

Check Analysis

Limits _ ppm
Min. Max.'

50 200

i00 300

- I00

i

- (_NIIN_D
i i

I OATM29 Nov. 1965

PAOE 5 OF 12

NO.

01-0004-00-D

i

Permissible Variations

in Check Analysis_ p!m

+ 10

+ 20
B

+ 10

I _ Hydrogen
3.6. Grain Size.

t_m_ta:

| ',
Product Wall

r

\Thickness_ Inches! ,
_Less than 0.010

- 10 + 2

The grain size of the final products shall conform to the following

}EtnimumAllowable

AS_:Grain Size No.

6

AlloWable Spread in

ASTM Grain Size % Rx

Nos; in Any One Item Hinimum

2 100

I
I

I
I

I
I
I

I
I
I

0.010 to 0.065 6 2 100

0_065 to 0.125 5 2 100

0_125 to 0.250 4 2 95

o.2_oO.5OO 3 3 90
1

3.7. Mech_$cal l_operties. The flnal product shall satisfy the following mechanlcal

p_operty _ui_ementss

3.7.1. Room Tmperature _ensile Properties. RepreSentative samples of the material
in final _orm shall be capable of the following property limits-at room temperature

(65°-88'°F).

For Wall Thickness Q.020 Inch or Greater
,_L ' '

Ultimate Tensll,e

$tren _ ksi.. IP_

36 75

0.2% _i'e_

Strength I ksi "
MSnimum Maximum

J

20 60

Elongation, %(1)

ILinlmum

20

FOr Wall Thicknesses Less Than 0.020 Inch
i

4O

(i)

75 30 60 20

Elonggt£on in 4D for Threaded:or Button-Head Test Specimens;
in 2 Inches for Flat Test Specimens.
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SEAl/LESS TUBING AND PIPE: COLIMBI(M-I%

3.T.2. Stress-toyRu_ture Tests. The material shall be capable of achieving the follow-
ins stress-rupture life under suitable environmental conditions (see paragmph 5.4.3.):

Test Temp.; °F Stress t ksi

Minimum Life
Hours

2000 10 ,'15

Chemical analysis of stress-rupture specimens after test shall demonstrate that the

degree of environmental contamination did not exceed the following limits: total in-

crease in oxygen plus nitrogen content--less than 100_ p_n; increase in hydrogen con-

tent--less than 5 pp_; increase in carbon content--less than 10 ppE. The follolrlng

lir&tts shall apply to check analyses of the analytical results:

I

I
I

I
Carbon + 10 plan

Oxygen + 50 ppm

Nitrogen + 50 ppm

Hydrogen ÷ 2 ppm
n

3.7.3. Hydrostatic Test. Each tube I 1/8 inch or Zarger in outside diameter with a
wall thickness of 0.015 inch or overlshall be tested to a hydrostatic pressure

sufficient to produce a fiber stress of 121000 psi. The test pressure I not to exceed

101000 ps_ shall be determined by the equation (P = 2St/D) I where:

P = hydromtatic test pressure in pounds per square inch;

S = 121000 psi

i

!
I
I

I
t = average wall thickness of the tube in inches;

D = outside diameter of the tube in inches.

3.7.4. Flare Test. A section of the heat treated tube shall be capable of being
_l&red without c_racking. The flare shall be made with a tool having a 60-degree in-

eluded angle until the spoc_fied outside diameter has been increased by 15_.

8.7.5. Hardness Test. Rockwell hardness tests shall be made on the inside surfaces

of gpocSmonl cut from tubes having wall thicknesses greater than 0.015 inch. The
tubes shall have a Rockwell hardness number not e_ceoding B-90 in the heat treated

oondition.

I
I
I

3.8. Tolerances I

308.1. Diamotlr and Wall ThicknQIs .... The pe_L_ssible variationl in d_ameter _dwall

th_eknou of tube shall not ezcesd those prescribed in Table II (refer to page ?).

I
-]86= !
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I
TABLE II

I

I
I

I
I
I
I
I

I
I

I

PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS

Nomir_l OD

Inches

O.187 to but not incl. 0.625

0.625 to but not incl. 1_000

1.000 to but not incl. 2.000

2,000 to but not incl. 3.000

3.000 to but not incl. 4.000

Wall

OD ID Thlckness

Inch Inch

+ 0.004 + 0.004 + I0

+ 0.005 + 0.005 + 10

+ 0.0075 + 0.0_5 + 10

+ 0.010 + 0.010 + 10

+ 000125 + 0.0125 + 10

NOTES: -

(1) Toler_aces are applicable to only the two dimensions specified on the purchase
order I e.g._ outside diameter and wall; inside diameter and wall; outside diameter

and inside diameter.

(s) For tolerances applicable for very small tubes (less than O.187-inch diameter)

or very thin-wall tubes (less than O.OlO-inch thtck)j the producer shall be con-

sulted.

(3) For tubes having an inside diameter less than 60% of the outsldedtameter or a

wall 3/4 inch or over thlck_ w_Lch canuot be successfully drawn over a mandrel_
the inside diameter may vary by an amount equal ¢o plus or minus 10_ of the wall

thickness. The wall thickness of these tubes may vary plus or minus 12.5_ from

that sp_lfted.

(4) Ovality measured at any cross section: For tubes with nominal wall thickness
less than 3% o£ the nominal outside diameter) the ovaltty tolerances are double
the tolerances in colu_ 2 or 3. For overaltty tolerances for tubes with wall

thickness less than 2% nomiI_al out_tde diameter) the producer shall be consulted.

8 _
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ZI RCONI UM +&Lt,OY

3.8.2, Length. _hen tube is ordered cut-to-length, the usable length shall not be less I

than that specified_ but 6 variation of plus 1/8 inch will be permitted in lengths up

to 6 fe_)t+ fin lengths over 6 feet_ a variation of plus 1/4 inch will be permitted_ urn-

less otherwise specified_ I

3.8.3+ Straightness. The tube shall be free of bends or kinks, For lengths up to

lO feet; the me,ximtm bc_ shall not exceed one part in 19.00; for lengths greater than •

I0 feet, the maximum bow shall not exceed one part in 600j unless otherwise agreed upon. |

3.9. Re.,_rts° The manufacturer shall supply at least three copies of a report sholrlng

non-proprlet_:y m_nu:_,¢_'turing methods_ processing conditions; and test procedures and
results for e_ci_, +_et of astoria! in th_ shipment. The report shall also include the

number cd th_ _e¢if:|c+_++t_ol_rand the purchase order or contract number.

4. MAXII_IIJ_AI_[DWABI_; ,ol_CONi iAqIIT.LES

4.1. Gen_+_i+ Cr_+¢k_:_ i_p¢_ sear_s_ fins; and tears shall be unacceptable. The sum-

face shall _,"as++++b_} ._r+_.__/rom oxide or sc_l+ of any nature, 6rease+ o11+ residual lubrl-

. +.,+.,+.,++.++..+and Inc+l++:_+_.o_,++++,, _.ndicsr,icn_ with dimensions greater than 3_ of the wall

thicknes_ shall be unac,_+_ptabl_ Indications with dimensions in the range of I% to

Of _m,ll thJe_+n_as ._++_stb_, s minimum o_. 0.50 inch apart. Indications with dimensions

less th_n l_ el_ the wall thl.ckne_s m us_ b_ a mlni_um of 0.12 inch apart.

4.3_ _ ++-++ + .,,+,_++.,,s+_r_+++++e +_+e'++rk +++_.fe+ts _ .... than 3_ of the nominal wall thickness detected

by penetramt+ cr uitr_mon+,_ +_#+nspectiot+ may be removed by grinding provided the wall
thickne+.+_ +_+_n+_',t decreased b+lo+ that permitted in Table II (refer to page 7).

5.1 Vendor Res_on_ib:!il :''_ The m_%ufec_ur_ shall make all tests and inspections

of _he material covered by th::+s3pec,_.flcat±on be£ore shipment unless otherwise speclf_e_.

All t_t _+P_d +_ ' +"++++ ts++_sp+c ....._n rm+ul s_mll b+ _urnlshed to the purchaser.

5,2, _u_zomer _evi_w+ The pu:rehaser or his representative may witness the testing
and inspection of the material, Th_ manufacturer sh_ll give the purchaser ample

notic_ o_ th_ t!_e ;_nd pla_e of designaCed tests, If the purchaser's representative

iS _ prescott _t thi_ _;ime _nd a new date is not set_ the requirement for purchaser's

In@._ectlon _t the place of t_sting is waived. W_en the purchaser's representative is

present at _he a_oin_ed _ime and place_ the manufacturer shall afford hlm_ without

ch&rg_ all r_son_bie f_.cilities to assure tha¢ the material is being furnished in
aooorda_@ with this _pec_ication, This inspection shall not interfere unnecessarily

wi_h,_'oduc_ion oper_tlons,

5._. S___les Ss!ect_.ono Care shall be exsrcised _o insure that the sample selected
get testing is repressntativ_ of the material and uncontaminated by the sampling pro-

_edure. If th_r+_ is _,+nyquestion about the sampling technique or the analysis_ the

I
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SPECIFICATION
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The followingexceptions to specification No. 01-0004-00-9 are applicable: I

Parag+aph3.5+2. Final Product Composition - Minimum analyses require- I
+ment fo_arbon and oxygen content in Table I is deleted.

Paragraph3,5.3. Check Analysis - Minimum limit requirement is deleted. I

PaEagraph 3.7.1. Room Temperature Tensile Properties - Minimum ultimate

tensile strength and minimum 0.2?o yield strength requlrement are deleted_ I

Paragraph 3.7.2. Stress-Rupture Test requirement is deleted. I

Par_gr+aph 5.4.3+ S_;ess-Rupture Test requirement is deleted.

•Paragraph 5.7.+1.I. Radiographic requirement is deleted. I

All items shall Clearly be identified with the

O004-OI-D.

specification number 01- I

I

-194o=
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SPECIFICATION

COLUMBIUM-I% ZIRCONIUM ALLOY
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS. 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215
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I. SCOPE •

I.I. Scope. This specification covers columblum-l_ zirconium alloy in

bar and rod form intended for high te_.._erature structural applications m
and alkali metal contaimnent. •

g

2. APPLICABLE DOCUMENTS I

2.1. Goverv_ent Documents. None

2.2. Non-Government Documents I
ASTMDeslgnstion Eg_57T

(26Dece_er1957)
Method of Tension Testin_ of
MetalllcMaterlals

ASTM Designation E29-58T

(195s)

ASTM Designation (Pending)

ASTM EI12-61

(1961)

2635
(15 August 1958)

Recommended Practices for Des-

ignating Significant Places in i

Specified Limiting Values

Methods for Chemical Analysis
of Reactor and Commercial

Columbium

Estimating Average Grain Size

of Metals

Radiographic Inspection

AMS 2645

(I March 1955) tion

AMS 2646

(I March 1955)

Fluorescent Penetrant _Inspec-

Contrast Dye Penetrant Inspec-

tion

I
I

I
!
I
I

3. ,nzo_ggmcz_s I
3.1, Acknowled_nents. The vendor shall mention this specification

in all quotations and all purchase order acknowledgments. |

I
3,2. Manufact_r e. Material covered by this specification shall be

made from ingots which have been double_acuummelted by the electron

beam and/or consumable electrode arc mel_ing processes. Breakdown oper- I
ations shall be performed with conventional extrusion, forging and toll-

inj e__nt normally found in primary ferrous and nonferrous plants. •

I



BAR AND ROD: Columbium-l% Zirconium

Alloy

I PAGE 3 oF 4

"I3
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• 3. Processing.

DATE NO.

-CON_NUED _9 Nov. 1965 01-0052-00-B

i The starting stock size, processing temperatures percent-ages of reduction, in-process annealing temperatures and times shall be

selected by the vendor to achieve the grain size range specified in para-

graph 3.6 and mechanical properties specified in paragraph 3.7. After the

final reduction, the finished product shall be given a final vacuum anneal

for one hour at a minimum temperature of 2200°F. The amount of total te-

l duction from the turned ingot to the finished product shall exceed 75%; theamount of final reduction since the last recrystallization anneal and prior

to the final recrystallization anneal shall exceed 30%. The amount of

i final reduction for each mill product, imparted just prior to the final
vacuum heat treatment, and the total reduction since the last recrystalliza-

tlon anneal shall be reported in the certificate of compliance.

I 3.4. Condition

i 3.4.1. General. The fioished product shall be supplied in the recrys-talllzed condition throughout the cross-sectional area to the grain size

range specified in paragraph 3.6. All annealing shall be carried out

i in a vacuum less than i x 10-5 torr.

3.4.2. Heat Treatment. All mill products to be annealed shall be

I thoroughly degreased, chemically cleaned, and protected from furnace
parts by a layer of fresh tantalum, columbium, or Cb-iZr alloy foil

0.002-1nch thick or _reater. When annealing is carried out in a vacuum

I greater than I x i0 "= torr, with prior approval of the purchaser,
all mill products shall be enclosed in a chemically cleaned tantalum,

columblum or columbium-l% zirconium alloy retort or wrapped in a minimum

I of two layers of fresh tantalum, columbium or columbium-l% zirconium
alloy foil 0.002-inch thick or greater. The conditions of final anneal-

ing shall be reported in the certificate of compliance.

I 3.4.3. Contamination. All items are to be free of contamination or

internal oxidation. After final heat treatment, the material shall be

I examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-

ditions. A microhardness traverse shall show a hardness increase not

I greater than 50 VHN from the center to the surface of a cross-sectional
sample of the final product. At the discretion of the purchaser, samples

taken to include at least one surface of the final product, and not ex-

I ceedlng 0.050-inch thick, may be chemically analyzed by the purchaser for
oxygen, nitrogen, hydrogen and carbon. The analyses shall not exceed

the limits set forth in paragraph 3.5.3. Any indication of contamination

I shall be cause for rejection of all material represented by that sample.
The material shall be acceptable if the contaminated layer is completely

eliminated before shipment by a machining operation within the specified

I dimensions and tolerances.

_].9 7,o
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3.5, Chemical Composition,

3.5.1, Ingot/Billet Comvosition. The chemical composition of Ins0ts and I
billets for conversion to finished products shall conform to Table l (page
_). A min£u_m of four analyses shall be obtained as follows: ingot top-
center, mid-radius and edge, and ingot bottom-center; all analyses must

cor_ormto ra_es stated rin Table I.

3.5.2. Final P_oduct Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses o£ products supplied under this

specification (Table I) exceptcarbon,
tent which shall be determined on the

I

I
oxygen, nitrogen and hydrogen con=

finished product. I

3.5.3. Check Analysis. Finished product analysis shall not exceed the
following limits or variations: I

E lement
Check Analys£s

Limits, v_m.
_in£mum Maximum

Pe_ssible Variations

in Check Analysis. vvm

Carbon 50 200 + 10

I

I
Oxygen I00 300 _ 20 I

Nitrogen -- 100 _ l0
J

Hydrogen -- 10 + 2

3.6. grain Size. The grain size of thefinal products shall conform •
to the following limits:

Allowable Spread

Minimum Allowable in ASTMGrain Size _Rx I
ASTMGrain SizeNo. Nos. in Any One Item Hinimum

4 2 100 I

4 2 I00

I
4 2 100

4 2 95 I

Product Diameter

or Thickness, inches

O. 125 to 0.250

0,250 to 0.500

0.500 to 1.0

1.0 to 2.0

Greater than 2.0 3 3 90 I

,=i98 ° I

I
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| T_LE

I CHEMZCALCO_OSITION

i COLU_IUH-17,ZIRCONZUHALLOY.
IB

Minimum Content Maximum Content Analysis

I E ,lement • • ppm ppm R,equlreme_t
m _

i c, bo 2o0Nitrogen i.- 100
Oxygen i00 300

I Hydrogen -- i0Zirconium O. 80 w/0. _ 1..2%iW/o
Iron - - 50

i TanCalu m -- 1000 tTiCanlum -- 200

Silicon -- I00

1 Boron - - 2
Tungsten - - , 200

.. Molybdenum -- 200

i Ca&hium - - 5
Cobalt -- 30
Lead - - 50

i Manganese -- 50
Nickel - - 50

Vanadium -- 50

I Hafnium -- I00
Columblum, by 98.5 w/o

Difference

!

Oo
0

O

k_

I

I

I =199=

I
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3.7. Mechanical Prtperties. The final product shall satisfy the following

mechanical property requirements : II

|
3' 7. i. Room Temperature Tensile PropertieS. Representative samples of

the material in final form shall be capable of the following property limits an

at room temperature (65 ° -85 °F). |

O. 2% Yield

Strength , ksi

Minimum Maximum

Ultimate Tensile

Strength, k si . .
Minimum Maximum

35 75 2O 6O

Elong., % am

in 4D |
Minlmum

20 I

3.7.2. Sgtress-to-Rupture Tests. The material shall be capable of achiev- i

ing the following stress-rupture life under suitable environmental con-

dltlons (see paragraph 5.4.3.),

Minimum Life I
__.."F.F Stress, ks_ ._ Hours.

2000 I0 5
I

Chemical analysis of stress-rupture specimens after test shall demonstrate

that the degree of environmental contamination did not exceed the following •

limits: total increase in oxygen plus nitrogen content--less than i00 ppm;

increase in hydrogen content--less than 5 ppm; increase in carbon content--

less than I0 ppm. The following limits shall apply to check analyses of B

the analytical results: I

Carbon _+ I0 ppm
P g

Oxygen +_ 50 ppm
I

Nitrogen _+ 50 ppm

Hydrogen _ 2 ppm

3.7.3. Hardngs%. The Rockwell Hardness of the product shall not exceed

B-90 In the heat treated condition.

3.8.

3.8.1".

3.8.1.1.

m

I
_olerances

m

Rolled, Swaged, or Drawn Rounds •

Definition. Rod - 3.5 inches in diameter or less,
m

I

I
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3.8.1.2. Diameter. The permissible variation in diameter and the limits

i f out-of-roundness of descaled rounds shall not exceed those in TableII (refer to page 8).

i 3.8.1.3. Cut Lengths.

3.8.1.4. Straightness,

I in any length.

I

I
I

Maximum length variation shall be 0.25-inch.

Maximum deviation shall be 0.050 inch per foot

3.8.2. Square or Rectangular Bar

3.8.2.1. Definition. Bar - any straight product with a rectangular

cross-section 0.187 inch or more thick and less than 5 inches wide.

3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled, square

and rectangular shapes shall have the following tolerances:

Thickness _ Width

+ 0.025 inch or + 5%

whichever is less

+ 0.125 inch + 0.125 inch

i 3.8.2.3. Straightness of Bar.
foot in any length.

Maximum deviation shall be 0.050 inch per

i .9. Reports. The manufacturer shall supply at least three copies of
a report showing non-proprietary manufacturing methods, processing con-

ditions, and test procedures and results for each lot of material in the

I shipment. The report shall also include the number of the specification
and the purchase order or contract number.

4. MAXIMUM ALLOWABLE DISCONTINUITIES

4.1. General. The finished product shall be visibly free from oxide or

i scale of any nature, grease, oil, residual lubricants, and other extrane-
ous materials. Cracks, laps, seams, gouges, and fins shall be unaccept-

able.

I 4,2, P o;osit_ and Inclusions. Indications of internal porosity and

non-metallic inclusions greater than 0.020 inch or 3_ of the thickness,

whichever is smaller, shall be unacceptable. Those indications in the

EanBe 0.010 inch to 0.020 inch or 2% of the thickness or diameter, which-

ever is smaller, shall be a minimum of 0.500 inch apart; those indica-

tions lees than 0.010 inch shall be a minimum of 0.12 inch apart.
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TABLE II

PERMISSIBLE DLMENSIONAL VARIATIONS FOR ROUI_,,.BA R

Diameter

Inches,.

Diameter

Variation

Inch

Out-of-Roundness
Inch

0.125 to 0.281

Over 0.281 to 0.406

Over 0.406 to 0.625

Over 0.625 to 0.875
Over 0.875 to 1.000
Over 1.000 to 1.375

over 1.375 to 1,500
Over 1.500 to 1.625

Over 1.625 to 2.000

Over 2.000 to 2.500
Over 2.500 to 3.250

Over 3.250 to 3.500

+ 0.002, - 0.002
+ 0.010, - 0.005

+ 0.010, - 0.005

+ 0.015, - 0.005

+ 0.020, - 0.005
+ 0.020, - 0.010

+ 0.020, - 0.015

+ 0.025, - 0.015
+ 0.030, - 0.030
+ 0.032, - 0.032
+ 0.032, - 0.032

+ 0.045, - 0.045

0. 004
0. 008

0,012
0.015

0.015

0.018
0. 020

0,020

O. 025
0.025
0.027
0. 040

i
I
!

i

I
I

i
Centerless Ground Rounds

0.0625 to 2.0 + 0,002, - 0.002
' Over 2.0 + 0.003, - 0,002

I

I

I

I

-_02=
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4.3. Surface Rework. All surface pores, gouges, and other defects deeper

I than 0.005 inch or 3% of the thickness, whichever is smaller, shall be un-
acceptable. Surface imperfections may be faired smooth to remove any

notch effect provided dimensional tolerances are still maintained

5. _UALITYASSURANCE PROVISIONS

I

I

I

I

I

5.1, Vendor Responsibility. The manufacturer shall make all tests and

inspections of the material covered by this specification before ship-

ment, unless otherwise specified. All test and inspection results shall

be furnished to the purchaser.

5.2. Customer Review. The purchaser or his representative may witness

the testlng_and inspection of the material. The manufacturer shall give

the purchaser ample notice of the time and place of designated tests.

If the purchaser's representative is not present at this time and a new

I date is not set, the requirement for purchaser's inspection at the place
of testing is waived. When the purchaser's representative is present

at the appointed time and place, the manufacturer shall afford him, with-

i out charge, all reasonable facilities to that the material is
assure being

furnished in accordance with this specification. This inspection shall

not interfere unnecessarily with production operations.

I 5.3. Sample Selection. Care shall be exercised to insure that the sam-

ples selected for testing and chemical analyses are representative of the

i material and uncontaminated the for theby sampling procedure. Samples

determination of mechanical properties shall be selected so as to consume

a minimum amount of material, i.e., samples may be taken transverse to

I the final direction from bar of sufficient width fromworking or bar

greater than 2 inches in diameter. If there is any question about the

sampling o=echnique or the analysis, the methods for sampling and analysis

shall be those agreed to by the buyer and seller. The location of test

samples shall be reported in the certificate of compliance.

5.4. Test Methods

I

I

I

5.4.1. Chemical Analys%s_ Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon, and the spectrochemical meth-

ods for metallic elements. Disputes shall be settled by accepted referee

methods, such as the ASTM "Methods for Chemical Analysis of Reactor and

Commercial Columbiu_'.

I
-20 i_

I



+

<i̧BAR AND OD" Columbium-l% Zirconium

Alloy
i

-CON_NUED

pAOe I0 oF14 k

,,'r,_ I.o. ' " p_

29 Nov. 196_ 01-00§2-00-R

5,4.2. Ten_ileTest. The tension test shall be conducted in accordance "+

with ASTM Designation E8-57T, "Methods of Tension Testing of Metallic m

Materials". Yield strength shall be determined by the offset (0.2%) meth- m
od. The tensile properties shall be determined _sing a strain rate of

0.005 inch per inch per minute up to 0.6% offset and then 0.05 inch, plus m

or minus 0.02 inch, per inch per minute to fracture. |

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens shall i

be determined by mutually acceptable testing techniques. Suggested test- |
ing techniques for determining stress-rupture properties are:

Specimens shall be tested in a vacuum of I x 10 -6 tort or

better. The vacuum system shall incorporate an optically

tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test tempera-

ture before application of 10ad.

Test temperature shall be maintaine_ at plus or minus IO°F

du_ing the test.

I

I

I

I
5.4.4. Grain +Size. Grain size determinations shall be made according tO

ASTM Specification EI12-61, "Estimating the Average Grain Size of Metals."
J

5.5. Number of Tests Required. Representative test specimens from the

finished product representing each ingot and each lot of material shall m

be taken to determine conformity to this specification. The minimum I

frequency of these tests shall be:

Finished Product Chemistry - one per lot per ingot I

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Grain Size - two per lot per ingot

I

m
Microhardness Traverse - one Der lot per ingot

Hardness Test - one per lot per ingot

I

I

I

I

I
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5.6. Retest and Rework

5.6. i. Surface Contamination. Any sample or specimen exhibiting obvious

surface contamination or improper preparation which disqualifies it as a

truly representative sample shall be replaced with a new sample.

5.6.2. Rework. If inspection and test results of a lot do not conform

I to the requirements of this specification, the lot may be reworked atthe option of the manufacturer. The lot shall be acceptable if all test

results, after reworking, conform to this specification.

5.7. Inspection

5.7. i. Methods of InspectionI
5.7.1.1. Radio_raphiq. Whenever specified, the product shall be radio-

I graphed and found free of porosity and inclusions as specified in para-
graph 4.2 using the technique described in AMS 2635, "Radiographic Inspec-

tion". The radiographs and product shall be identified so the exact posl-

I tion of each radiograph can be correlated with the specific area on the
particular product.

5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger shall
be inspected ultrasonically.

I 5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-

ducers shall be no larger than 0.75-inch diameter. Surface finishes shall

I be no rougher than 125 rms. "Inspection shall be by longitudinal wave
and by shear wave in two perpendicular directions, i.e., longitudinal

and transverse and shall be with focused transducers appropriate to the

I diameter being inspected (360 degree transducers are allowable where
appropriate). Automatic equipment which traverses a spiral path is

satisfactory; but three traverses shall be made, one with the trans-

I ducer in the circumferential shear position, one with the transducer
in the axial shear position, and one with the transducer in the longi-

tudinal wave position, unless otherwise specified.

5,7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches

and holes in a segment of the material reserved solely for calibration

purposes or in a calibration specimen of similar nature and shape. The

depth of the notches shall be 3% of the bar thickness, 1.5% of the rod

diameter, or 0.005 inch, whichever is smaller; the width, no greater

I than depth; the length, greater than beam width. The notches shall be
• placed perpendicular to the direction of the shear wave beam and per-

pendicular to the surface, e.g., axial and circumferential notches on

I bar. In addition to the notches, a O.020-inch diameter hole shall be

-205-
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made at least 0.5-inch deep in the calibration piece parallel to the

surface at a distance from the surface of 1/2 the thickness or diameter

or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 the thick-

ness. Calibration settings to achieve 80% amplitude of these notches

or holes along with the magnitude of the other applicable calibration

defects shall be recorded. For example, on bar with shear wave, the

notch on the_ near surface should be set at 80% and the amplitudes re-

corded for the indications from the hole and the notch:on the far surface.

Gain settings should be recorded to achieve 80% as above and 80% on each

of the other applicable calibration defects. For longitudinal wave, only

the 0.020-inch diameter holes, with additional holes at 1/4 and 1/2 the

thickness if the thickness exceeds 0.750-inch shall be used for calibra-

tion.

5.7.1.2.3. Evaluatlon. Evaluation during inspection shall be made

against the appropriate calibration defect. For example, on bar with

shear wave, the defects on or near the far surface shall be compared to

the calibration from the far surface notch; defects near the center shall

be compared to the calibration from the hole at the appropriate depth;

defects on the near surface shall be compared to the calibration from the

near surface notches.

5.7.1.2.4, R___. The ultrasonic inspection report shall contain

the equipment serial numbers, calibration amplitudes and gain settings,

and the amplitude and location of each defect whose amplitude is 60_

or greater.

5.7.1.2.5. Rejection. The above procedure shall be.fDllowed and indi-

cations of defects which exceed the magnitude obtained from the appro-

priate calibrated notch in the sample shall be cause for rejection,: un-

less otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection." All

parts thus inspected shall be marked with ink stamps as described in

the speciflcation; impression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specification

and the purchase order or contract number.

5.8. ReJect$on. Material not conforming to this specification or to

any authorized modification shall be subject to rejection. Unless

- i0_-
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otherwise specified, rejected material may be returned to the manufacturer

I at the manufacturer's expense if the purchaser does not receive other in-
structions for disposition within three weeks after notice of rejection.

I 5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica

tion or any special test specified by the purchaser, a mutually accept-

i able referee's test shall be used to determine Conformance.

6. P REPAR_TIONFOR DELIVERY

I 6.1. Identification. Each bundle, box, or carton shall be legibly and

consplcuously marked or tagged with the number of this specification,

I purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle, box

or carton consists of components from more than one ingot number or lot

I each shall be identified individually.number, component

6.2. Packln_. Each individual item shall be wrapped in heavy gauge

I polyethylene or packed a manner assuringfilm similar material and in

safe delivery when properly transported by any common carrier.

i 7. DEFINITIONS

7.1; Lo..._.t. A lot shall include all material of the same size, shape_

condition and finish from one heat of and which has receivedmaterial

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all operations inwhich temperatures may reach 500°F or above. When process temperatures

and environments are closely controlled or when closely adjacent sizes

receive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has been

obtained from the General Electric Company. _

7.2. Check Analysls. An analysis may be requested by the purchaser

of the metal after it has been processed into finished mill_forms, to

verlf7 the composition within a heat or lot. Check analysls tolerances

do not broaden the specified heat analysis requlrements bOr_rather cover

variations between laboratories in the measurement of the chemical con-

Cent.

7.3. SiKniflcanceof Numerical Limit s. For determining compliance with

the specified llmlts for requirements of the properties listed below, an

observed value or a calculated value shall be rounded off using the

roundlng-off method in ASTM Designation E29-58T, "Recommended Practices

for Designating Significant Places in Specified Limiting Values."

-20'7-
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i w . . L _

Chemical composition and di-

mensional tolerances (when

expressed decimally)

Tensile strength

Elongation

Rupture life

.,vB P*_ 14 os 14 m

_nded-Off Unit for

Observed orCalculated Value I

Nearest unit in the last right-

hand place of figures of the 8

specified limlt
g

Nearest i00 psi I

Nearest 1%

Nearest 0. i hour
I

!

!

!

!

I

I

!

I

I
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The following exceptions to specification No. 01-0052-00-B are applicable: I

3.5.2. Final product Composition - Minimum analyses require-Paragraph
ment for carbon and oxygen content in Table I is deleted.

3.5.3. Check Analysis - Minimum limit requirement is deleted. IParagraph

Paragraph 3.7.1.

tensile 6trength

Paragraph 3.7.2.

Paragraph 5.4.3.

Paragraph 5.7. i. i.

Room Temperature Tensile Properties - Minimum ultimate

and minimum 0.2_ yleld strength requirement are deleted. I

_r@ss-Rupture requirement is deleted.

E
Stress-RuPture requirement is deleted.

RadiograDhic requirement is deleted, i

All items shall clearly be identified with the specification number

01-0052-01-B.

-210-,
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eAOe. 2 oe, 16m

._Mu_, 29Nov. 196_ 01-0053-00-_k

i.i. Scope.

sheet, plate,

applications

This specification covers columbium-l% zirconium alloy in

and strip form intended for high temperature structural

and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation E8-57T

(26 December 1957)

Method of Tension Testing of

Metallic Materials

ASTM Designation E29-58T

(1958)

Recommended Practices for Des-

ignating Significant Places in

Specified Limiting Values

ASTM Designation (Pending) Methods for Chemical Analysis

of Reactor and Commercial

Columbium

ASTM EI12-61

(1961)

Estimating Average Grain Size

of Metals

AMS 2242A

(I December 1950)

Tolerances, Corrosion and Heat

Resistant Sheet, Strip and Plate

AMS 2635

(15 August 1958)

Radiographic Inspection

AMS 2645

(i March 1955)

FluorescentPenetrant Inspec-

tion

AMS 2646

(1 March 1955)

Contrast Dye Penetrant Inspec-

tion

MAB-176-M

(6 September 1961)

Evaluation Test Methods for

Refractory Metal Sheet Mater-

ials

-21_-
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3.1. 49knowledgments. The vendor shall mention this specification in all

quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made

from ingots which have been double vacuum melted by the electron beam

and/or consumable electrode arc melting p_ocesses. Breakdown operations

shall be performed with conventional extrusion, forging and rolling equip-

ment normally found in primary ferrous and nonferrous plants.

I
I

I

i

I

I

3.3. Processing. The starting stock size, processing temperatures per-

centages of reduction, in-process annealing temperatures and times shall be

selected by the vendor to achieve the grain size range specified in para-

graph 3.6 and mechanical properties specified in paragraph 3.7. After the

final reduction, the finished product shall be given a final vacuum anneal

for one hour at a minimum temperature of 2200°F. The amount of total re-

duction from the turned ingot to the finished product shall exceed 75%;

the amount of final reduction since the last recrystallimat_on anneal and

prior to the final recrystallization anneal shall exceed 30%. The amount

of final reduction for each mill product, imparted just prior to the final

vacuum heat treatment, and the total reduction since the last recrystalliza-

tion anneal shall be reported in the certificate of compliance.

I 3.4. Condition

3.4.1. General. The finished product shall be supplied in the recrys-

I tallized condition throughout the cross-sectional area to the grain size

range specified in paragraph 3.6.

I 3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum

of less than i x i0-_ tort. All mill products to be annealed shall be

thoroughly degreased, chemically cleaned and protected from furnace parts

by a layer of fresh tantalum, columbium or Cb-iZr alloy foil 0.002-inch

thick or greater. When annealing is carried out in a vacuum greater
than i x i0 5 tort, with the prior approval of the purchase_ all mill

products shall be enclosed in a chemically cleaned tantalum, columbium

or Cb-lZr alloy retort or wrapped in a minimum of two layers of fresh

tantalum, columblum or Cb-lZr alloy foil 0.002-inch thick or greater.

The conditions of final annealing shall be reported in the certificate

of compliance.

3.4.3. Contamination. All items are to be free of contamination or

internal oxidation. After final heat treatment, the material shall be

examined metallographically for evidence of possible contamination.

-213-
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caused by unsatisfactory heat treating atmospheres or processing condi-

tions. A microhardness traverse shall show a hardness increase not

greater than 50 VHN from the center to the surface of a cross sectional

sample of the final product. At the discretion of the purchaser, sam-

ples taken to include at least one surface of the final product, and

not exceeding 0.050-inch thick, may be chemically analyzed by the pur-

chaser for oxygen, nitrogen, hydrogen and carbon° The analyses shall

not exceed the limits set forth in paragraph 3.5.3. Any indication of

contamination shall be cause for rejection of all material represented

by that sample. The material shall be acceptable if the contaminated

layer is completely eliminated before shipment by a machining operation

within the specified dimensions and tolerances.

3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots

and billets for conversion to finished products shall conform to Table

I (page 5). A minimum of four analyses shall be obtained as follows:

ingot top-center, mid-radius and edge, and ingot bottom-center; all

analyses must conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analyses for products supplied under

this specification (Table I)_ except carbon, oxygen, nitrogen and hy-

drogen content which shall be determined on the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed

the following limits or variations:

Element

Check Analysis

Limits_ ppm
Min. Max_

Permissible Variations

in Check Analysis_ ppm

Carbon 50 200 + i0

Oxygen i00 300 ± 20

Nitrogen -- i00 ± i0

Hydrogen -- i0 + 2

3.6. Grain Size. The grain size of the final products shall conform

to the following limits:

-_i4-
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TABLE I

CHEMICAL COMPOSITION

COLUMBIUM- IZ_ZIRCONIUM ALLOY

I
Element

Minimum Content Maximum Content

ppm ppm •

m

I

I

I

I
I

I

I

Carbon

Nitrogen

Oxygen

Hydrogen
Zirconium

Iron

Tantalum

Titanium

S£1icon

Boron

Tungsten

Mo17bdenum

Cadmium

Cobalt

Lead

Manganese

Nickel

Vanadium

Hafnium

Columblum,:by

difference

50
_D

i00

0.80 w/o
m_

m_

mm

qmmm

|m

_m

m_

mmm

m_

Imm

_m

imm qmmm

98.5 W/o

200

I00

300

I0

i. 2 w/o

50
i000

200

100

2

200

200

5

30

50

50

50

50

i00

,i

m

m

I
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zirconium Alloy .uJ..NJm) _9 Nov°
................. Allowable

Product

Thlckne.ss, Inches

t
PAGm 6 oF 16_

NO. - I 96sIoi-oo53-oo- I
Spread

Minimum Allowable in ASTM Grain Size Z R x

ASTM Grain Size No. Nos. in AnyOne Item Minimum E

0.010 to 0.060

0.060 to 0.125

0.125 to 0.187

6 2 i00 I

4 2 I00

4 2 i00 !

0.187 to 0.500

0.500 to 1.0

Greater than 1.0

3 3 95

3 3 95
1

3 3 90 1

3.7. Mechanical Properties. The final product shall satisfy the fol-

lowing mechanical property requirements:
I

3.7.1. Room Temperature Tensile Properties. Representative samples of

the material in final form shall be capable of the following property

limits at room temperature (65°-85°F):

Ultimate Tensile 0.2% Yield

Stren_th_ ksi Stren_th_ ksi

Minimum Maximum Minimu m Maximum
For sheet less than 0.187" thick

40 75 30 60

Elong. , %

in 2 Inches

Minimum

2O

For plate 0.187" thick or greater

35 75 25 60 20

3.7.2. S trpss-to-Ruptu;e Tests. The material shall be capable of achiev-

ing the following stress-rupture llfe under suitable environmental condi-

tions (see paragraph 5.4,3.).

Minimum Life

I

I

I
I

I
I

Test Te,_,, °F Hours R

B
2000 10 :5

m

Chemical analysis of stress-rupture specimens after test shall demon-
strata that the degree of environmental contamination did not exceed

the following limits: total increase in oxygen plus nitrogen content-- m

less than i00 ppm; increase in hydrogen content--less than 5 ppm; in- S
crease in carbon content--less than I0 ppm. The following limits shall

apply to check analyses of the analytical results, m

|

-2101 I
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I

I

|

Carbon + i0 ppm

Oxygen + 50 ppm

Nitrogen + 50 ppm

Hydrogen + 2 ppm

3.7.3. BendDuctility. Representative samples of the materials in

I final form shall withstand the following bend test at room temperature
without failure when tested according to procedures described inthe

most recent revision of the Materials Advisory Board report MAB-176M,

I "Evaluation Test Methods for Refractory Metal Sheet Materials." The
samples shall be sectioned with the long axis of the bend specimens

perpendicular to the final rolling direction.

I 3.7.3.1. Sheet 0.060 inchlnthickness and under shall be bent over

a IT radius through 105 ° at a ram speed of i inch per minute and sub-

I sequently flattened for a total bend of 180 ° .

3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be

I bent over a IT radius through 105 ° at a ram speed of i inch per minute.

3.?.4. Hardness. Rockwell hardness tests shall be made on all products

I greater than 0.015 inch thick_ the Rockwell hardness number shall not
exceed B-90 in the heat treated condition.

I
I

I
1

3.8. Tolerances

3.8. i. Plat_._._e.

3.8.1.1. Definition. Plate includes material 6 inches wide or over

and 0.187 inch or more in thickness.

3.8.1.2. Dimensions.

tolerances:

Plate dimensions shall conform to the following

Thickness Width Length

I 0.025 inch or _ 5%
whichever is less

± 0.125 inch + 0.125 inch

I
I

I

3.8.1.3. Flatness. Flatness tolerances on plate shall conform to

AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and

Plate."

-217-
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II

3.8.2.1. Definition. Sheet includes material 6 inches wide or over and |

up to 0.187 inch in thickness.
|

3.8.2.2. Dimensions.

in Table II.
Sheet dimensions shall conform to those presented I

3.8.2.3. Flatness. See paragraph 3.8.3.3. I

3.8.3. Strip

3.8.3.1. Definition. Strip includes material less than 6 inches wide

and up to 0.187 inch in thickness.

3.8.3.2. Dimensions.

sented in Table II.

Strip dimensions shall conform to those pre-

3.8.3.3. Flatness. Total deviation from flatness of sheet and strip

shall not exceed 67o as determined by the formula:

H_ x I00
L

= % Flatness Deviation

where:

I

I

I

I

!

H = maximum distance from a flat reference surface

and

L = minimum distance from this point to the point of

contact with the reference surface.

The actual values shall be reported. In determining flatness, the sheet

shall not be subject to external pressure at any point but shall lie

freely on a flat surface during measurement. Oilcannlng will be re-

ported. An estimate of the extent (area, height, etc.,) of these de-

fects shall be made.

3.9. Report s . The manufacturer shall supply at least three copies of

a report showing non-proprietary manufacturing methods, processing

conditions, and test procedures and results for each lot of material

in the shipment. The report shall also include the number of the speci-

fication and the purchase order or contract number.
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I TABLE II

i DIMENSIONAL TOLERANCES FOR SHEET AND STRIP

Materlal Width

I Thickness _ Inch Inches

0.010-0.019 to 24

I 0.020-0.039 to 24

Thickness

Tolerances_ Inch

+ 0.001

+ 0.0015

I 0.040-0.059 to 24

0.060-0.089 to 24

I 0. 090-0. 129 to 24

+ 0. 002

+ 0.003

+ 0. 004

i 0. 130-0. 159

0. 160-0. 187

!
Material

I Thickness I Inch

0. 010-0. 059

I 0. 060-0. 125

I O. 126-0. 187

Material

I Thickness InchI

0. 010-0.059

O. 060-0. 125

to 24

to 24

+ O. 005

+ 0.010

Width

Tolerances_ Inch

+ 0.031, -0

+ 0.046, -0

+ O. 125, -0

Length

Tolerances _.Inch

+ 0.046, -0

+ 0.062, -0

I 0.126-0,187
+ o.125,-o-

I

I
-219-
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4.1. General. The finished product shall be visibly free from oxide

or scale of any nature, grease, oil residual lubricants, and other ex-

traneous materials. Cracks, laps, seams, gouges and fins shall be un-

acceptable.

I

!
4.2. Porosity and Inclusions. Indications of internallporosity and non-

metallic inclusions greater than 0.020 inch or 3% of the thickness, which- •

ever is smaller, shall be unacceptable. Those indications in the range

0.010 inch to 0.020 inch or 2% of the thickness, whichever is smaller,

shall be a minimum of 0.50 inch apart; those indications less than 0.010

inch shall be a minimum of 0.12 inch apart.

4,3, Su;face Rework. All surface pores, gouges, and other defects

deeper than 0.005 inch or 3% of the thickness, whichever is smaller,

shall be unacceptable, Surface imperfections may be faired smooth

to remove any notch effect provided dimensional tolerances are still

maintained.

!

I

5. _UALIT% ASSURANCE PROVISIONS I
5.1. Vendor Responsibility° The manufacturer shall make all tests and

inspections of the material covered by this specification before ship-

ment, unless otherwise specified. All test and inspection results shall

be furnished to the purchaser.

!

!

!
5.2. Customer Review. The purchaser or his representative may wit-

ness the testing and inspection of the material. The manufacturer shall

give the purchaser ample notice of the time and place of designated

tests. If the purchaser's representative is not present at this time

and a new date is not set, the requirement for purchaser's inspection t

at the place of testing is waived. When the purchaser's representative |
iS p_esent at the appointed time and place, the manufacturer shall

afford him, without charge, all reasonable facilities to assure that

the material is being furnished in accordance with this specification.

This inspection shall not interfere unnecessarily with production oper-

ations.

I
I
I
I

'5.3. Sample Selection. Care shall be exercised to insure that the

samples selected for testing and chemical analyses are representative

of the material and uncontaminated by the sampling procedure. Samples

for the determination of mechanical properties shall be selected so

as to consume a minimum amount of material, i.e., specimens may be

taken transverse to the final working direction from plate and sheet

!

I
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I

I

and from strip if of sufficient width. If there is any question about

the sampling technique or the analysis, the methods for sampling and

analysis shall be those agreed to by the buyer and seller. The location

of test samples shall be reported in the certificate of compliance.

5.4. Test Methods

I
I

I
I

I
I

I
I

I
I

I

I

I
I

5,4.1. Chemical Analysis, Chemical analyses shall be conducted by

mutually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon and the spectrochemical meth-

ods for metallic elements. Disputes shall be settled by accepted referee

methods, such as the ASTM "Methods for Chemical Analysis of Reactor and

Commercial Columbium."

5.4.2' Tensile Test. The tension test shall be conducted in accord-

ance with ASTM Designation ES-57T, "Methods of Tension Testing of

Metallic Materials." Yield strength shall be determined by the offset

(0.2%) method. The tensile properties shall be determined using a

strain rate of 0.005 inch per inch per minute up to 0.6% offset and

then 0.050 inch, plus or minus 0.02 inch, per inch per minute to fracture.

5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens

shall be determined by mutually acceptable testing techniques. Sug-

gested testing techniques for determining stress-rupture properties are:

Specimens shall be tested in a vacuum of I x 10 -6 torr or

better. The vacuum system shall incorporate an optically

tight liquid nitrogen cold trap or a getter-ion pump.

Specimens shall be held for a half hour at the test temper-

ature before application of load.

Test temperature shall be maintained at plus or minus 10°F

during the test.

5.4.4. Grain Size. Grain size determinations shall be made according

to ASTM Specification EI12-61, "Estimating the Average Grain Size of

Metals."

5.5. Number of Tests Required. Representative test specimens from

the finished product representing each ingot and each lot of material

shall be taken to determine conformity to tliis specification. The

minimum frequency of these tests shall be:

-22_.-
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Finished Product Chemistry - one per lot per ingot

Tensile Test - two per lot per ingot

Stress-Rupture Test - two per lot per ingot

Bend Test - two per lot per ingot

Grain Size - two per lot per ingot

Microhardness Traverse - one per lot per ingot

Hardness Test - one per lot per ingot

5.6. Retest and Rework

5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-

vious surface contamination or improper preparation which disqualifies

it as a truly representative sample shall be replaced with a new sample.

5.6.2. Rework. If inspection and test results of a lot do not conform

to the requirements of this specification, the lot may be reworked at

the option of the manufacturer. The lot shall be acceptable if all

test results, after reworking, conform to this specification.

5.7. Inspection

5.7.1. Methods of Inspection

5.7.1.1. RadioKraphic. Whenever specified, the product shall be

radlographed and found free of porosity and inclusions as specified in

paragraph 4.2 using the technique described in AMS 2635, "Radiographic

Inspection," The radiographs end product shall be identified so the

exact position of each radiograph can be correlated with the specific

area on the particular product.

5.7.1.2. Ultrasonic. Unless otherwise agreed to by the purchaser

and the vendor, the material shall be inspected ultrasonically.

5,7.1.2.1. Method and Equipment. The finished products shall be ultra-

I

I
I
I

I
I

I
I
I

I
I
I
I

sonically inspected by the immersed technique at 5 mc or above. Trans- |

ducers shall be no larger than 0.75-inch diameter. Surface finishes |

shall be no rougher than 125 rms. Inspection shall be by longitudinal

Rave and by shear wave in two perpendicular directions, i.e., longi-

tudinal and transverse shear. l

I
-222-
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Transducers for the shear wave inspection shall be focused, preferably

cylindrically, to a beam no more than O.125-inch wide in its smaller di-

mension (where it enters the material being inspected). Cylindrically-

focused transducers shall not exceed 2 inches in length. The focal

distance shall be adjusted when the transducer is beamed perpendicular

to the surface of the calibration piece; then this focal distance shall

be maintained throughout the actual inspection. After the focal distance

is established, an appropriate shear wave angle shall be set and the

calibration notch indication shall be set at 80% on the indication where

the sound beam traverses one or two thicknesses of the sheet (depending

on whether the notch is on the far size or incident side of the sheet).

Calibration gain settings shall be recorded when the calibration de-

fect is on both the incident and the far side of the sheet. If there

is any difference in the indication, that gain setting giving and 80%

indication from the side which produces the smaller indication shall be

used for inspection. Calibration shall be done before and after the

ultrasonic inspection, or at the beginning and end of each work shift.

If the magnitude of indication from the calibration notch differs 10_

or more from the previous calibration, all material inspected since then

shall be reinspected.

5.7.1.2.2. Calibration of Plate. Calibration shall be on notches and

holes in a segment of the material reserved solely for calibration

purposes. The depth of the notches shall be 0.005 inch, the width shall

be 0.005 inch and the length greater than the ultrasonic beam width. The

notches shall be placed on the surface of the calibration piece perpen-

dicular to the direction of the intended shear wave inspection, i.e.,

transverse and longitudinal and at least 1 inch from the edge of the

plate. In addition, a 0.020-inch diameter hole shall be made in the

calibration piece parallel to the surface to a depth of at least 0.750-

inch at a point one-half the thickness of the plate. If the thickness

I the exceeds 0.750 similar holes shall also be madeof plate inch, at

points one-quarter and three-quarters of the plate thickness. Calibra-

tion settings to achieve 80% amplitude of the notches and holes, along

I with the magnitude other applicable calibration defects, shallof the

be recorded. For example, on plate using a shear wave, the notch on

the near surface should be set at 80% and the amplitude recorded for

I the indications from the hole and notch on the far surface. Gain

Settings should be recorded to achieve 80% as above and 80% on each of

the other applicable calibration defects. For longitudinal wave in-

I spectlon, only the 0.020-inch diameter holes shall be used for calibra-
tion.
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5.7.1.2.3. Calibration of Sheet and Strip. The sheet shall be inspected

by a shear wave beam pointed in both longitudinal and transverse direc- m
tions. Calibration sha_l be done on notches cut perpendicular to the

direction of the beam in pieces of sheet of the same material and thick-

ness as that to be inspected. If that portion is later trimmed and |

scrapped, the calibration notches may be made on a section of the actual •
sheet. The depth of the calibration notches shall be 3% of the sheet

thickness;width, no greater than the depth; length, no more than i inch.

All notches shall be at least I inch from the edge of the sheet. Dupli- m

cate notches may be made on the opposite face of the sheet in locations

where the sound beam will not intersect both notches in a single tra-

verse, or the sheet may be turned over during calibration to determine g

the relative response from the calibration notch on both the incident

and far side of the sheet. I

5.7.1.2,4. Evaluation. Evaluation during inspection shall be made

against the _e calibration defect. For example, with shear |
wavy, the defects on or near the far surface shall be compared to the •
callbration from the far surface notch; defects near the center shall

be compared to the calibration from the hole at the appropriate depth;

defects on the near surface shall be compared to the calibration from

the near surface notch.

I
5.7.1.2.5. Reports. The ultrasonic inspection report shall contain u

the equipment serial numbers, calibration amplitudes and gain settings

and the amplitude and location of each defect whose amplitude is 60% I

or greater.

5.7.1.2.6. _Rejection. The above procedure shall be followed, and in-

dications of defects which exceed the magnitude obtained from the

appropriate calibrated notch in the sample shall be cause for rejec-

tion, unless otherwise agreed by the purchaser and vendor.

5.7.1.3. Penetrant Inspection. The exterior surface of the product

shall be penetrant inspected and found free of flaws as specified in

paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or

shall be marked with ink stamps as described in the specification; im-

pression stampings or etching shall be unacceptable.

5.7.1.4. Reports. The manufacturer shall supply at least three copies

of a report showing inspection results for each lot of material in the

shipment. The report shall also include the number of the specifica-

tion and the purchase order or contract number.

-22_+- I

I



I

i

I
I

I
I

i
I

I
I

i
t
I

I

_I SHEET, PLATE, AND STRIP: Columbium-17_

_I Zirc°nium AI_°Y ,............
-C3_.NUED

PAGE 15 OF 16
i

DATE t NO. 129 Nov. 196 01-0053-00-B
, i

5.8. Rejection, Material not conforming to this specification or to any

authorized modification shall be subject to rejection. Unless otherwise

specified, rejected material may be returned to the manufacturer at the

manufacturer's expense if the purchaser does not receive other instruc-

tions for disposition within three weeks after notice of rejection.

5_9. Refere e • If the manufacturer and the purchaser disagree about

the conformance of the material to the requirements of this specification

or any speci_l test specified by the purchaser, a mutually acceptable

referee's test shall be used to determine conformance.

6. PREPARATION FOR DELIVERY

6.1. Identification. Each bundle, box, or carton shall be legibly and

conspicuously marked or tagged with the number of this specification,

purchase order or contract number, type, ingot number, lot number, nom-

inal size, and the gross, net, and tare weights. When each bundle, box

or carton consists of components from more than one ingot number or lot

number, each component shall be identified individually. _.

6.2. PackinK. Each individual item shall be wrapped in heavy gauge

polyethylene film or other similar material and packed in a manner

assuring safe delivery when properly transported by any common carrier.

7. DEFINITION

7.1' Lo__._t.A lot shall include all material of the same size, shape,

condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all operations in which

temperatures may reach 500°F or above. When process temperatures and

environments are c!osely controlled or when closely adjacent sizes re-

ceive similar processing, lots may be combined for chemical, tensile

and stress-rupture tests only, provided prior written approval has been

obtained from the General Electric Company.

I 7.2. Check Analysis. An

of the metal after it has

I

I

analysis may be requested by the purchaser

been processed into finished mill forms, to

verify the composition within a heat or lot. Check analysis tolerances

do not broaden the specified heat analysis requirements but rather cover

variations between laboratories in the measurement of the chemical con-

tent.

! =225-
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7.3. Significanceof Numerical Limits. For determining compliance with I
the specified limits for requirements of the properties listed below,

an observed value or a calculated value shall be rounded off using the

rounding-off method in ASTM Designation E29-58T, "Recommended Practices

for Designating Significant Places in Specified Limiting Values." g

Test

Chemical composition and di-

mensional tolerances (when

expressed decimally)

Tensile strength

Elongation

Rupture life

Rounded-Off Unit for

Observed or Calculated Value

Nearest unit in the last right-

hand place of figures of the

!

!
specified limit

i

Nearest I00 psi

Nearest 1%

Nearest 0. i hour

!

!

!

!

!

!

!

!

!

!
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The following exceptions to specification No. 01-0053-00-a are appllcable:

Paragraph 3.5.2. Final Product Composition - Minimum analyses requirements

for carbon and oxygen contents in Table I are deleted.

Paragraph 3' 5.3. Check Analysis - Minimum limit requirement is deleted.

Paragraph 3.7.1. Room Te=_erature Tensile Properties - Minimum ultimate

tensile strength and minimum 0.2% yield strength requirements are deleted.

Paragraph 3.7.2. Stress-Rupture requirement is deleted.

I

I
I

I
Paragraph 5.4.3.

Paragraph 5.7. i. I.

Stress-Rupture requirement is deleted.

Radiographic requirement • is deleted.

All items shall clea_ybe identified with the specification number 01-

0053-01-.B.

l

I
I
I

!

I

I

I

!
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I. SCOPE

i.i. Scope. This specification covers columbium-l% zirconium alloy in

foil form intended for high temperature non-structural applications.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation (Pending) Methods for Chemical Analysis of

Reactor and Commercial Columbium

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in

all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made

from ingots which have been double vacuum melted by the electron beam

and/or consumable electrode arc melting processes. Breakdown operations

shall be performed with conventional extrusion, forging and rolling equip-

ment found in primary ferrous and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures, per-

centages of reduction, in-process annealing temperatures and times shall

be selected by the vendor.

3.4. Condition. The finished product shall be supplied in the fully re-

crystallized condition through the cross-sectional area. All annealing
shall be carriel out in a vacuum of less than I x 10-5 torr. All mill

products to be annealed shall be thoroughly degreased, chemically cleaned

and protected from furnace parts by a layer of fresh tantalum, columbium

or Cb-iZr alloy foil 0.002-inch thick or greater. When annealing is

carried out in a vacuum greater than i x 10-5 tort, with the prior approv-

al of the purchaser, all mill products shall be enclosed in a chemically

cleaned tantalum, columbium or Cb-iZr alloy retort or wrapped in a mini-

mum of two layers of fresh tantalum, co_umbium or Cb-iZr alloy foil

0.002-inch thick or greater. The conditions of final annealing shall be

reported in the certificate of compliance.

-230-

I
I
I

I
I
I

I

I

I

I

I

I

I

I

I

I

I



PAOE 3 oF 6

I NO.1965 01-0054-00-AFOIL: Columbium-1% Zirconium Alloy

DATE

-G3N_NUED i0 June

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

3.5. Chemical Composition

3.5.1. In_ot/Billet Composition. The chemical composition of ingots and

billets for conversion to finished products shall conform to Table I (page

4). A minimum of four analyses shall be obtained as follows: ingot top-

center, mid-radius and edge, and ingot bottom-center; all analyses must

conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analyses for products supplied under this

specification (Table I), except carbon, oxygen, nitrogen and hydrogen con-

tent which shall be determined on the finished product.

3.5.3. Check Analysis. Finished product analysis shall not exceed the

following limits or variations:

Check Analysis

Element Limits_ Max._ ppm

Carbon 150

Oxygen 300

Nitrogen i00

Hydrogen i0

Permissible Variations

in Check Analysis, ppm

+ i0

+ 20

+ i0

+ 2

3.6. Bend Ductility. Representative samples of the materials in final

form shall withstand a 180 ° bend without failure.

3.7. Tolerances

3.7.1. Definition. Foil includes material less than 12 inches wide and

Dp to including 0.010-inch thick.

3.7.2. Dimensions.

limits:

Materials Thickness

Inches

Less than 0.003

0.003 to 0.005

0.005 to 0.010

Foil dimensions shall conform to the following

Thickness Tolerances

Inch

+0.0008, -0.0000

+0. 001

+0.0015

Width Tolerance

Inch

+0.031, -0.000

+0.031, -0.000

+0.031, -0.000
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T i rl .

Element

Carbon

Nitrogen

Oxygen

Hydrogen

Zirconium

Iron

Tantalum

Titanium

Silicon

Boron

Tungsten

Molybdenum

Cadmium

Cobalt

Lead

Manganese

Nickel

Vanadium

Hafnium

Columbium, by

difference

I DATE

-O_ITINUED [i0 June 1965

TABLE I

CHEMICAL COMPOSITION

COLUMBIUM-I% ZIRCONIUM ALLOY

Maximum Content

ppm

150

I00

3O0

i0

0.8 - 1.27o (range)

50

i000

200

i00

2

200

200

5

30

50

50

50

50

i00

98.5% min.

PAOE 4 oF 6" I
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IAnalysis

Requirements
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- CDNTINUED

1ii
3.8. General. The finished product shall be visibly free from oxide or

scale of any nature, grease, oil, residual lubricants, and other extrane-

ous materials. Cracks, laps, seams, gouges, and fins shall be unacceptable.

qUALITy ASSURANCE PROVISIONS

i

I
I

4.1. Vendor Responsibility. The manufacturer shall make all tests and

I inspections of the material covered by specification shipment,this before

unless otherwise specified. All test and inspection results shall be

i furnished to the purchaser.

4.2. Sample Selection. Care shall, be exercised to insure that the sam-

ples selected for testing and chemical analyses are representative of the

I material and uncontaminated by the sampling procedure. If there is any

question about the sampling technique or the analysis, the methods for

sampling and analysisshall be those agreed to by the buyer and seller.

4.3. Chemical Analysis.. Chemical analyses shall be conducted by mu-

tually acceptable procedures, such as the vacuum fusion methods for

gases, the combustion method for carbon, and the spectrochemical meth-

ods for metallic elements. Disputes shall be settled by accepted referee

methods, such as the ASTM "Methods for Chemical Analyses of Reactor and

Commercial Columbiu_'.

i

I

I

I 4.4. Number of Tests Required. Representative test specimens from thefinished product representing each ingot and each lot of material shall

be taken to determine conformity to this specification. The minimum fre-

quency of these tests shall be:

Finished Product Chemistry - one per lot per ingot

Bend Test - two per lot per ingot

I .5. Reports. The manufacturer shall supply at least three copies of
a report showing non-proprietary manufacturing methods, processing con-

ditions, and test procedures and results for each lot of material in the

I shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.

I 4.6. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless other-

wise specified, rejected material may be returned to the manufacturer

I at the manufacturer's expense if the purchaser does not receive other
instructions for disposition within three weeks after notice of rejection.

I -233-
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analysis tolerances
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4.7. Referee. If the manufacturer and the purchaser

conformance of the material to the requirements of

any special test specified by the purchaser, a mutually
test shall be used to determine conformance.

5. PREPARATION FOR DELIVERY

5.1. Identification. Each bundle, box, or carton shall

conspicuously marked or tagged with the number of this

purchase order or contract number, type, ingot number,

inal size, and the gross, net, and tare weights.

or carton consists of components from more than one ingot

number, each component shall be identified individually.

5.2. Packing. Each individual item shall be wrapped in heavy gauge

polyethylene film or other similar material and packed

ing safe delivery when properly transported by any

6. DEFINITION

6.1. Lot. A lot shall include all material of the

condition and finish from one heat of material and which has

the same processing, has been annealed in the same vacuum annealing

charge and has been processed simultaneously in all

temperatures may reach 500°F or above. When process

environments are closely controlled or when closely adjacent

ceive similar processing, lots may be combined for

and stress-rupture tests only, provided prior written approval

obtained from the General Electric Company.

6.2. Check Analysis. An analysis, made or requested by

of the metal after it has been processed into finished mill

verify the composition within a heat or lot. Check

do not broaden the specified heat analysis requirements

variations between laboratories in the measurement

tent.

I

I
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Columbium-l% Zirconium Alloy

DATE NO.

-CONTINUED i0 June 1965 01-0055-00-A

I
i

I
!

I
I

I
I

I

I

I. SCOPE

i.i. Scope. This specification covers columbium-l% zirconium alloy in

wire for use as weld filler material in fabricating components intended

for high temperature structural applications and alkali metal containment.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

ASTM Designation (Pending) Methods for Chemical Analysis

of Reactor and Commercial

Columbium

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in

all quotations and all purchase order acknowledgments.

3.2. Manufacture. Material covered by this specification shall be made

from ingots which have been double vacuum melted by the electron beam

and/or consumable electrode arc melting processes. Breakdown operations

shall be performed with conventional extrusion, forging and rolling equip-

ment_ normally found in primary ferrous and nonferrous plants.

3.3. Processing. The starting stock size, processing temperatures,

percentages of reduction, in-process annealing temperatures and times

shall be selected by the vendor.

3.4. Condition. The finished product shall be supplied in the fully re-

crystallized condition throughout the cross-sectional area. All annealing

shall be carried out in a vacuum less than i x 10 -5 torr. All mill pro-

ducts to be annealed shall be thoroughly degreased, chemically cleaned

and protected from furnace parts by a layer of fresh tantalum, columbium,

or Cb-iZr alloy foil 0.002-inch thick or greater. When annealing is

carried out in a vacuum greater than i x 10 -5 torr, with the prior

approval of the purchaser, all mill products shall be enclosed in a chemi-

cally cleaned tantalum, columbium or Cb-IZr alloy retort or wrapped in a

minimum of two layers of fresh tantalum, columbium or Cb-iZr alloy foil

0.002-inch thick or greater. The conditions of final annealing shall

be reported in the certificate of compliance.
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3.5. Chemical Composition

3.5.1. Ingot/Billet Composition. The chemical composition of ingots and

billets for conversion to finished products shall conform to Table I (page

4). A minimum of four analyses shall be obtained as follows: ingot top-

center, mid-radius and edge, and ingot bottom-center; all analyses must

conform to ranges stated in Table I.

3.5.2. Final Product Composition. The manufacturer's ingot analyses

shall be considered the chemical analyses of products supplied under this

specification (Table I) except carbon, oxygen, nitrogen and hydrogen con-

tent which shall be determined on the finished product.

3.5.3. Check Analysis. The finished product analysis shall not exceed

the following limits or variations:

For Material Greater than 0.030 Inch in Diameter

Check Analysis

Element Limits_ Max., ppm

Carbon i00

Oxygen 250

Nitrogen i00

Hydrogen i0

Permissible Variations

in Check Analysis_ ppm

+ i0

+ 20

+ i0

+ 2

For Material 0.030 Inch and Less in Diameter

Carbon

Oxygen

Nitrogen

Hydrogen

3.6. Tolerances

3.6.1. Definition.

150 + i0

300 + 20

i00 + i0

i0 + 2

Wire - material less than 0.125 inch in diameter.
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TABLE I

CHEMICAL COMPOSITION

I

I
COLUMBIUM- 1% ZIRCONIUM ALLOY

Maximum Content

Element ppm

Carbon i00

Nitrogen i00

Oxygen 250

Hydrogen I0:

Zirconium 0.8 - i. 2% (range)

Iron 50

Tantalum i000

Titanium 200

Silicon i00

Analysis

Requirements

0

I

I

I
I
I

Boron 2 I
Tungsten 200 %

mr
Mo lyb denum 200

Cadmium 5 _ I
Cobalt 30 O

Lead 50

Manganese 50 _"= I
Nickel 50 o

Vanadium 50

Hafnium i00

Columbium, by 98° 5% min. _:

difference I

I

I
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I 3.6.2. Diameter. The permissible variation in diameter shall not exceed
the following limits:

I

I

Diameter_ Inch

0.005 to 0.009

0.010 to 0.019

Diameter Variation_ Inch

+ 0. 0002

+ 0.0003

I

I

0.020 to 0.029

0.030 to 0.061

0.062 to 0.125

+ 0.0005

+ 0.001

+ 0. 002

i 3.7. General. The finished product shall be visibly free from oxide or
scale of any nature, grease, oil, residual lubricants, and other extrane-

ous materials. Cracks, laps, seams, gouges, and fins shall be unacceptable.

!
4. QUALITY ASSURANCE PROVISIONS

m The manufacturer shall make all tests and4.1. Vendor Responsibility.

inspections of the material covered by this specification before shipment,

unless otherwise specified. All test and inspection results shall be fur-

m nished to the purchaser.

• 4.2. Sample Selection. Care shall be exercised to insure that the samples

_ selected for testing and chemical analyses are representative of the mate-

rial and uncontaminated by the sampling procedure. If there is any ques-

t tion about the sampling technique or the analysis, the methods for sam-piing and analysis shall be those agreed to by the buyer and seller.

I
I

I
I

4.3. Chemical Analysis. Chemical analyses shall be conducted by mutually

acceptable procedures, such as the vacuum fusion methods for gases, the

combustion method for carbon, and the spectrochemical methods for metallic

elements. Disputes shall be settled by accepted referee methods, such as

the ASTM "Methods for Chemical Analysis of Reactor and Commercial Colum-

bium."

4.4. Number of Tests Required. Representative test specimens from the

finished product representing each ingot and each lot of material shall

be taken to determine conformity to this specification. The minimum fre-

quency of these tests shall be:

I Finished Product Chemistry - one per lot per ingot

I -239-
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4.5. Reports. The manufacturer shall supply at least three copies of a •

report showing non-proprietary manufacturing methods, processing conditions,

and test procedures and results for each lot of material in the shipment.

The report shall also include the number of the specification and the I

purchase order or contract number.

4.6. Rejection. Material not conforming to this specification or to any I

authorized modification shall be subject to rejection. Unless otherwise

specified, rejected material may be returned to the manufacturer at the

manufacturer's expense if the purchaser does not receive other instructions I

for disposition within three weeks after notice of rejection.

4.7. Referee. If the manufacturer and the purchaser disagree about the I

conformance of the material to the requirements of this specification or

any special test specified by the purchaser, a mutually acceptable referee's

test shall be used to determine conformance.

5. PREPARATION FOR DELIVERY

5.1. Identification. Each bundle, box, or carton shall be legibly and

conspicuously marked or tagged with the number of this specification,

purchase order or contract number, type, ingot number, lot number, nom-

inal size, and the gross, net, and tare weights. When each bundle, box

or carton consists of components from more than one ingot number or lot

number, each component shall be identified individually.

5.2. Packing. Each individual item shall be wrapped in heavy gauge

polyethylene film or similar material and packed in a manner assuring

safe delivery when properly transported by any common carrier.

6. DEFINITIONS

6.1. Lot. A lot shall include all material of the same size, shape,

condition and finish from one heat of material and which has received

the same processing, has been annealed in the same vacuum annealing charge

and has been processed simultaneously in all operations in which temper-

atures may reach 500°F or above. When process temperatures and environ-

ments are closely controlled or when closely adjacent sizes receive

similar processing, lots may be combined for chemical, tensile and stress-

rupture tests only, provided prior written approval has been obtained

from the General Electric Company.

6.2. Check Analysis. An analysis, made or requested by the purchaser of

the metal after it has been processed into finished mill forms, to verify

the composition within a heat or lot. Check analysis tolerances do not

broaden the specified heat analysis requirements but rather cover varia-
tions between laboratories in the measurement of the chemical content.
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APPENDIX C

QUALITY ASSURANCE MATERIAL CONTROL RECORD FORMS
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RAW MATERIAL TEST RECORD

M.C,N°.

Graln Size

8tress-][_pturo ,,

Tensile
i

Ultralonic
i

X-Ray ,

Zyzto .....

Flare

illl i i i i i i

Hydrostatic

Eddy Current

Vlmml

Remarkm

By

By

i, _Y
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By
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By.
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By.

By,
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By

By,

i i i
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I
I

I
I
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I
I

I
f
I
I
i
I

Dlaposttion: Ace.
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SP 1070
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SPECIFICATION

WELDING OF COLUN_IUM - i% ZIROONIUM

ALLOY BY THE INERT-GAS TUNGSTEN ARC PROCESS

1. SCOPE

i.i. Scope. This specification establishes the procedures$ process substania-

tion_ and quality requirements for fusion welding the columbium-l% zirconium

alloy by the inert-gas shielded tungsten arc-welding process. Reference to

this specification shall be made on engineering drawings whenever applicable.

Information or requirements on the drawings supersede this specificatic,n.

2. APPLICABLE DOC_M_NTS

2.1. Government Documents. None.

2.2. Non-Government Documents

ASTM Designation B297-55T

(1 February 1955)

Tungsten Arc-Welding Electr>des

AMS 2635

(15 August 1955)

Radiographic Inspection

3. REQUIREMENTS

3.1. Materials

3.1.1. Inert gases used shall be Bureau of Mines Grade A helium or argon_

welding grade_ 99.99% minimum purity_ -80°F maximum dew point. The combined

total of oxygen and water vapor shall be less than 0.005% by volume.

3.1.2. Tungsten electrodes_ class EWTH-2, shall conform to ASTM Designation

B297-55T_ "Tungsten Arc-Welding Electrodes".

3.1.3. Welding filler material composition shall conform to the specification

for the base metal.
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3,2. Eguipment

3.2.1. A direct current, arc-welding machine, equipped with a contactor

and a foot-operated remote welding-current control, shall be used.

3.2.2. The welding shall be d_ne in an enclosed chamber that can be

evacuated to less than 1 x 10- torr. The leak rate shall result in _3
pressure increase of not more than 15 microns/hour starting at 1 x 10

torr pressure. The chamber shall be equipped with glove ports and

neoprene rubber gloves that are sealed gas-tight to the ports.

3.2.3. The chamber shall be equipped with a water-cooled tungsten arc-

welding torch. The water-cooling passage of the torch shall be perma-
nently sealed. The water-cooled cable and hose connections shall be

leak tight. The inert-gas shield line shall not be used.

3.3. Cleaning

3.3.1. The parts to be joined shall be free of dirt, grease, cutting
compounds, or any extraneous material which will attack or react with

the metal during welding or contaminate the inert-gas atmosphere. The
metal adjacent to the weld shall be chemically cleaned to remove surface

oxide and/or nitride with a solution of 20_&IF-20%HNO3-60%H20 by volume.

3.3.2. The welding filler-wire shall be washed with acetone and shall

be chemically cleaned to remove dirt, oxide, grease, drawing compounds
using the above solution.

3.4. Fixtures

l

3.4.1. Design. The fixtures used to position the parts shall hold the

parts in proper alignment and minimize distortion.

3.4.2. Materials. The fixtures shall be made of materials that do not

corrode or rust in air. To avoid metaliic contamination, the fixture

components that contact the columbium parts near the weld joint shall be
made of molybdenum, tungsten, or columbium.

3.4.3. Cleaning. The fixture shall be clean and free of surface
contamination.

3.5. Welding Procedures

3.5.1. Welding of components shall be done using equipment and procedures

which conform to Section 4. The parts to be welded and the required

fixturing shall be loaded into the welding chamber, evacuated of air to
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-4
1 x 10 torr or lower. The chamber shall then be filled with inert-

gas conforming to paragraph 3.1. Before removing the glove port

cover plates, the evacuation line to the glove ports shall be closed.

3.5.2. Direct current, straight-polarity power shall be used for

welding. The welding torch shall be used without a gas cup and without

gas flow.

3.5.3. Before welding the columbium parts, the purity of the welding

atmosphere shall be checked by making fusion weld beads on titanium

sheet or bar. If the titanium weld shows any discoloration, the inert

atmosphere shall be considered unsuitable for welding columbium alloys.

3.5.4. PPecautions shall be taken during welding to avoid contamination

of the weld metal by the tungsten electrode.

3.5.5. The completed weldment shall be left in the chamber until it

cools to below 400°F.

3.5.6. In repair welding, the weld defects shall be removed by machin-
ing or filing. Unless approved by the General Electric project engineer,

grinding is prohibited. The area shall then be rewelded, according to
the requirements of this specification, and reinspected.

3.6. Postweld Heat Treatment

3.6.1 The weld and adjacent heat-affected zone shall be postweld
annealed at 2200°F, plus or minus 25OF, for one hour in a vacuum of

1 x 10 -4 tort or lower. The annealing may be local at the weld joint

or the entire weldment may be annealed in a vacuum furnace. The proce-
dures and equipment used shall conform to paragraph 4.3.

3.6.2. Localized heating shall be done using a tantalum or tungsten

heater. Dense vitrified alumina (96% purity) shall be used as the

heater electrical insulation and shall not contact the columbium alloy

during heat treatment. The temperature of the weld joint shall be

measured by a Pt/Pt-Rh thermocouple that is resistance spot-tacked to
the weld metal. After heat treatment the thermocouple spot-tack shall
be filed off.

3.7. Field Welding

3.7.1 Field welding is welding of joints in components which cannot
be done in vacuum purged chambers because of size and space limitations.
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3.7.2. Field welding shall be done using an inert-gas purged enclosure

or auxiliary inert-gas shield devices around the joint to displace the

air from the weld. Wherever possible, chill blocks shall be used to

remove heat from the weld area as rapidly as possible. (The chills may

be a part of the gas shield device.)

3.7.3. The welding shall be done using an inert-arc welding torch

with a ceramic torch gas shield cup. The torch inert-gas shield shall

be used,

3.7.4. The welding process and inert-gas shielding equipment shall be

qualified as in Section 4.

3.8. Defect Limits. The completed weldment shall be examined for

defects visually and by ultrasonic or x-ray techniques, or both. Welds

which do not meet the following quality requirements of this specifica-

tion are unacceptable.

3.8.1. Visual and Radiographic. Welds shall be resonably smooth and

uniform in appearance and free of the following defects by visual and

radiographic inspection:

l,

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12,

13.

Cracks in the weld and adjacent base metal,

Crater checks or cracks,

Surface inclusions and pores,

Cold layers in deposited weld metal,

Overlap of weld metal on base metal (not fused),

Undercutting of the base metal,

Depression of the weld below the base metal,

Unfilled weld craters or stops,

Damage to the weld and adjacent base metal by contamination

from the shielding gas or from foreign materials or metals,

Lack of fusion of the weld deposit to the base metal,

Incomplete fusion and penetration to the root of the joint

(back side of butt and groove welds),

Porosity in the weld metal,
Tungsten inclusions having

a. the longest dimension greater than 0.010 inch

in welds in material up to 0.10 inch thick and

greater than 10% of the metal thickness in
material 0.10 inch thick and above

b. spacing between two adjacent tungsten inclusions
less than three times the metal thickness

c. more than three inclusions per inch of weld length,
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3.8.2. Ultrasonic. Rejection shall be by any indication which exceeds

the amplitude of the respective calibration indication. For tubing,
inside diameter (or under side) defects shall be compared to the indica-

tion from the notch on the inside diameter (or under side), and outside

diameter (or upper side) defects shall be compared to the indication
from the notch on the outside diameter (or upper side). Indications less

than half the thickness from the surface or less than 0.150 inch from

the surface, whichever is smaller, shall be compared to the upper side
(or outside diameter) calibration indication. Defects more than half

the distance from the incident surface or more than 0.150 inch from the

surface shall be compared to the indication from the inside diameter

(or under surface) notch.

4. QUALITY ASSURANCE PROVISIONS

4.1. Weld Inspection Procedures. All welded joints shall be inspected

for conformance to the quality requirements visually and by x-ray or

ultrasonic techniques, or both.

4.1.1. X-ray Inspection

4.1.1.1. X-ray inspection shall be done according to AMS 2635, "Radio-

graphic Inspection". Fine grain film shall be used for maximum sensi-

tivity. The penetrameter thickness and hole sizes shall be based on the
smaller section thickness being joined. The radiographic technique shall

be considered satisfactory if the smallest hole in the penetrameter can

be clearly distinguished on the radiograph.

4.1.1.2. The radiographs shall be taken in positions that will best

delineate lack of weld penetration and fusion. Wherever possible, the

film shall be placed on the back side of the weld joint.

4.1.1.3. When the back side of the weld is not accessible and the radia-

tion must pass through a double thickness, only that portion of the weld
next to the film shall be considered.

4.1.1.4. Radiographic interpretation for weld quality shall be done by

the General Electric project engineer or his representative.

4.1.2. Ultrasonic Inspection

4.1.2.1. When required by the drawing, welded joints shall be ultra-

sonically rather than radiographically inspected..

4.1.2.2. Ultrasonic inspection shall be by the immersed technique at

5 mc or higher frequency using focused transducers. Shear wave technique
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shall be used with the beam traverse perpendicular to the weld centerline.

Inspection shall be from both directions toward the weld. For welds in

tubing, a transducer focused to the diameter of the tubing shall be used

with a maximum axial length on the transducer of 0.5 inch. For welds in

plat_ a spherically focused transducer or a cylindrically focused trans-

ducer of less than 1.5 inch diameter focus and O_51nch or less long

shall be used with ISaxls parallel to the weld centerllne.

4.1.2.3. Calibration shall be on notches cut in a tube or plate of

similar materlal, preferably near a weld of similar nature. These

clrcumferential notches shall be: depth, 3% of the original wall or

plate thickness; width, not more than the depth; length, at least one

beam width. One notch shall be placed on the inside diameter or under

side near the weld; the other notch shall be placed on the outside diam-

eter or upper side near the weld but on the opposite side of the weld or

at least two beam widths away (at the same distance from the weld) if on

the same side of the weld. Focusing shall be done to maximize the indi-

cation from the notch on the under side or inside diameter. After focus-

ing is completed, whichever indication is larger shall be set at 80%

and the amplitude of the indication from the other notch shall be

recorded. Distance corresponding to the wall or plate thickness shall

be marked on the oscilloscope. Focal distance to the part to be inspected

shall be set to that used for the calibration piece before beginning

inspection. Calibration shall be done both before and after the inspec-

tion or at the beginning and end of each work shift. All testing since

previous calibration shall be repeated whenever the calibration gain

changes by more than 10%.

4.2. Welding Equipment and Procedure

4.2.1. Before welding actual columbium alloy parts and components, the

welding equipment and procedures shall be qualified by welding columbium

- 1% zirconium alloy and testing as follows,

4.2.2. A butt-welded joint will be made in the vacuum purged welding

chamber in the columbium - 1% zirconium alloy. The material thickness

shall be approximately the same as the parts to be welded with a maxi-

mum thickness requirement of 1/8 inch.

4.2.3. Four strips shall be cut from the welded joint with the weld

running transverse to the length. The minimum width of three strips

shall be four times the base metal thickness or 1/2 inch, whichever
is smaller. The welded strips shall be annealed at 2200°F for one

hour in vacuum.
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4,2.4. Three welded strips shall be bend tested using a 75-degree

V-block and mating V-punch with a radius three times the base metal
thickness. Each weld is to be placed face down and centered under

the punch radius. The reinforcement on the back side shall be removed

before testing.

4.2.5. All three test strips shall withstand a transverse bend through

90 degrees without cracking. The weld and heat-affected zones shall be

visually examined for cracks at a magnification of IOX. All three

specimens must pass the bend test requirements.

4.2.6. Chemical analysis of the weld metal for oxygen, nitrogen,

hydrogen, and carbon shall be made from the fourth strip. Gas analyses

shall be by vacuum fusion techniques and the carbon shall be determined

by the combustion method. The impurity content shall not exceed the
following:

Element

Amount

Oxygen 500

Nitrogen 350
Carbon 150

Hydrogen 15

4.3. Postweld Annealing Procedures and Equipment

4.3.1. Before annealing welded joints in components, the annealing

procedures and equipment shall be qualified as described to insure that
the weldments are not contaminated and embrittled during the operation.

4.3.2. A sample welded joint simulating the actual weldment shall be

welded using qualified equipment and procedures. The weld shall be

heat-treated at 2200°F, plus or minus 25°F, for one hour in a vacuum

using the procedures and equipment that will be used for production

welds. If localized heat-treating equipment is used, the temperature

of the weld shall be measured by a Pt/Pt-Rh thermocouple which is

resistance spot-tacked to the part.

4.3.3. Three strips shall be cut from the joint. Two shall have a
width four times the base metal thickness but not less than 1/2 inch.

The third one shall be sufficiently wide to obtain a weld metal, chemical

analysis sample. The weld shall run transverse to the length of the

strip at midpoint.
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4.3.4. One transverse weld bend strip shall be bend tested as annealed,
and the other shall be bend tested after aging at 1500°F for fifty hours

in a vacuum furnace at a pressure of 1 x 10 -5 torr maximum. The bend_

test procedures shall be those described in paragraph 4.2. Both bend

strips must pass the test requirements.

4.3.5. Chemical analysis of the weld metal for oxygen, nitrogen,
hydrogen and carbon shall be made. The impurity content shall not

exceed the following:

Amount

Element

Oxygen 500

Nitrogen 350

Carbon 150

Hydrogen 15

4.3.6. Qualifying both welding and annealing procedures and equipment

simultaneously is permissible. The test results must meet the require-
n_nts_of paragraphs 4.2. and 4.3.

4.4. Reports. A report shall be submitted with the finished parts and
shall include all vacuum, temperature, and inert gas purity measurements

applicable to welding and heating, the X-rays of the weld joints, and/or

when required, location and approximate depth of ultrasonic indications
found. Ultrasonic reports shall also include the ultrasonic equipment

and transducer used and calibration data. The above reports and all

accompanying X-rays, charts, etc., shall reference the drawing number,

part number, and serial number of each part represented and, when

multiple welds on a part are made in separate environments, the particu-
lar weld to which the information is applicable.

Note: These reports shall be retained by quality assurance, should

subsequent weld evaluation be desired.
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SPECIFICATION

WELDING OF COLUMBIUM - 1% ZIRCONIUM

ALLOY BY THE INERT-GAS TUNGSTEN ARC PROCESS

i. SCOPE

i.i. Scope. This specification establishes the procedures, process substantia-

tion, and quality requirements for fusion welding the columbium-l_ zirconium

alloy by the inert-gas shielded tungsten arc-welding process. Reference to

this specification shall be made on engineering drawings whenever applicable.

Information or requirements on the drawings supersede this specification.

2. APPLICABLE DOCD_k_NTS

2.1. Government Documents. None.

2.2. Non-Government Documents.

ASTM Designation B297-55T

(1 February 1955)

Tungsten Arc-Welding

Electrodes

AMS 2635

(15 August 1955)

Radiographic Inspection

3. REQUIREMI_TS

3.i. Materials

3.i.I. Inert gases used shall be Bureau of Mines Grade A helium or argon,

welding grade, 99.99% minimum purity# -80°F maximum dewpoint. The inert-gases

shall be purified to contain less than 1 ppm active impurities by volume.

3.1.2. Tungsten electrodes, class EWTH-2, shall conform to ASTM Designation

B297-55T, "Tungsten Arc-Welding Electrodes."
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3.i.3. Welding filler material composition shall conform to the specifi-

cation for the base metal.

3.2. Equipment

3.2.1. A direct current, arc-welding machine_ equipped with a contactor

and a foot-operated remote welding-current control_ shall be used.

3.2.2. The welding shall be done in an enclosed chamber that can be
evacuated to less than 1 x 10 -5 tort. The leak rate shall result in a

pressure increase of not more than 5 microns/hour starting at 1 x 10 -3

torr pressure. The chamber shall be equipped with glove ports and neo-

prene rubber gloves that are sealed gas-tight to the ports.

3.2,3. The chamber shall be equipped with a water-cooled tungsten arc-

welding torch. The water-cooling passage of the torch shall be perma-

nently sealed. The water-cooled cable and hose connections shall be

leak tight. The inert-gas shield line shall not be used.

3.3. Cleaning

3.3.1. The parts to be joined shall be free of dirt_ grease_ cutting

compounds_ or any extraneous material which will attack or react with
the metal during welding or contaminate the inert-gas atmosphere. The

metal adjacent to the weld shall be chemically cleaned to remove surface

oxide and/or nitride with a solution of 20T_f-2OTdINO3-60%H20 by volume.

3.3.2. The welding filler-wire shall be washed with acetone and shall be

chemically cleaned to remove dirt_ oxide_ grease_ drawing compounds using

the above solution.

3.4. Fixtures

3.4.1. Design. The fixtures used to position the parts shall hold the

parts in proper alignment and minimize distortion.

3.4.2. Materials. The fixtures shall be made of materials that do not

corrode or rust in air. To avoid metallic contamination_ the fixture

components that contact the columbium parts near the weld joint shall be

made of molybdenum_ tungsten_ or columbium.

3.4.3. Cleaning. The fixture shall be clean and free of surface contami-
nation.

3.5. Welding Procedures.

3.5.1. Welding of components shall be done using equipment and procedures

which conform to Section 4. The parts to be welded and the required
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fixturing shall be loaded into the welding chamber, evacuated of air to
1 x 10-5 torr or better. The chamber shall then be filled with inert-

gas containing less than lppm active impurities by volume, evacuated
to less than 1 x 10 -5 torr, and refilled with inert gas. Before removing

the glove port cover plates, the evacuation line to the glove ports shall
be closed.

3.5.2. Direct current, straight-polarity power shall be used for welding.

The welding torch shall be used without a gas cup and without gas flow.

3.5.3. Before welding the columbium parts, the purity of the welding

atmosphere shall be checked by making fusion weld beads on titanium
sheet or bar. If the titanium weld shows any discoloration, the inert

atmsphere shall be considered unsuitable for welding columbium alloys.

3.5.4. Prior to the first piece welded and subsequent to the last piece

welded in each inert gas environment, weld bend specimens shall be pre-

pared using the same filler wire material used to weld the intervening

pieces. Each specimen shall be from 0.04 to 0.08 inch thick, 1 inch wide

(mlnlmum), and 2 inches long (minimum), with a longitudinal weld bead

weighing 2.5 grams (minimum).

The above specimens and 10-gram (minimum) samples taken _rom each heat

ofsheet and filler wire used to make the bend specimens shall be sub-

mitted with the finished parts, gpecimens and samples shall be tagged

with the drawing number, part number, and serial number of each part

represented by the samples and specimens, and, when multiple welds on a

part are made in separate environments, shall describe the particular

welds for which the specimens and samples are representative.

Note: These specimens and samples shall be retained by quality assurance

for subsequent chemical analysis should an investigation of welding con-
tamination be desired.

3.5.5. Precautions shall be taken during welding to avoid contamination

of the weld metal by the tungsten electrode.

3.5.6. The completed weldment shall be left in the chamber until it
cools to below 400°F.

3.5.7. In repair welding, the weld defects shall be removed by machining

or filing. Unless approved by the General Electric project engineer,

grinding is prohibited. The area shall then be rewelded, according to

the requirements of this specification, and reinspected.

3.6. Postweld Heat Treatment

3.6.1. The weld and adjacent heat-affected zone shall be postweld annealed

at 2200°F, plus or minus 25°F, for one hour in a vacuum of 1 x 10-5 torr
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or better. The annealing may be local at the weld Joint or the entire

weldment may be annealed in a vacuum furnace. The procedures and equip-
ment used shall conform to paragraph 4.3.

3.6.2. Localized heating shall be done using a heater having only refrac-

tory metals in the hot zone. Dense vitrifiedalumina (99.2% purity) shall
be used as the heater electrical insulation in _ the cold zone of furnace.

The temperature of the weld Joint shall be measured by a Pt/Pt-Rh thermo-

couple that is resistance spot-tacked to the weld metal. After heat treat-

ment the thermocouple spot-tack shall be filed off.

3.6.3. A columbium - 1% zirconium control specimen, weighing 5 grams or

more, shall accompany the welded components or parts through poStweld
vacuum heat treatment.

The above specimens and a similar, but unheated, specimen of the control

materlal shall be submitted with the finished parts. Specimens shall be

tagged with the drawing number, part number, and serial number of each

part represented by the specimens.

Note: These specimens shall be retained by quality assurance for subse-

quent chemical analysis, should an investigation of vacuum environment

contamination be desired.

3.7. Defect Limits. The completed weldment shall be examined for defects

visually and by ultrasonic or x-ray techniques, or both. Welds which do

not meet the following quality requirements of this specification are

unacceptable.

3.7.1. Visual and Radiographic. Welds shall be reasonably smooth and

uniform in appearance and free of the following defects by visual and

radiographic inspection:

1. Cracks in the weld and adjacent base metal,

2. Crater checks or cracks,

3. Surface inclusions and pores,

4. Cold layers in deposited weld metal,
5. Overlap of weld metal on base metal (not fused) I

6. Undercutting of the base metal,

7. Depression of the weld below the base metal,
8. Unfilled weld craters or stops,

9. Damage to the weld and adjacent base metal by contamination

from the shielding gas or from foreign materials or metals,

10. Lack of fusion of the weld deposit to the base metal,

11. Incomplete fusion and penetration to the root of the joint

(back side of butt and groove welds),_

12. Porosity in the weld metal,
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13. Tungsten inclusions having

a. the longest dimension greater than Q.010 inch

in welds in material up to 0.10 inch thick and

greater than 10% of the metal thickness in
material 0.10 inch thick and above

b. spacing between two adjacent tungsten inclusions
less than three times the metal thickness

c. more than three inclu_ions per inch of weld length.

3.7.2. Ultrasonic. Rejection shall be by any indication which exceeds

the amplitude of the respective calibration indication. For tubing 3 Inside

diameter (or under side)defects shall be compared to the indication from

the notch on the inside diameter (or under side), and outside diameter

(or upper side) defects shall be compared to the indication from the

notch on the outside diameter (or upper side). Indications less than half

the thickness from the surface or less than 0.150 inch £rom the surface,

whichever is smaller_ shall be compared to the upper side (or outside
diameter) calibration indication. Defects more than half the distance

from the incident surface or more than 0.I_0 inch from the surface shall

be compared to the indication from the inside diameter (or under surface)

notch.

4. QUALITY ASSURANCE PROVISIONS

4.1. Weld Inspection Procedures. All welded Joints shall be inspected
for conformance to the quality requirements visually and by X-ray or

ultrasonic techniquesj or both.

4.1.1. X-ray Inspection

4.1.1.1. X-ray inspection shall be done according to AMS-26353 "Radiographic

Inspection", Fine grain film shall be used for maximum sensitivity. The

penetrameter thickness and hole sizes shall be based on the smaller section

thicknessbeing joined. The radiographic technique shall be considered

satisfactory if the smallest hole in the penetrameter can be clearly dis-

tinguished on the radiograph.

4.1.1.2. The radiographs shall be taken in positions that will best

delinea±e lack of weld penetrationand fusion. Wherever possible, the

film shall be placed on the back side of the weld Joint.

4.1.1.3. When the back side of the weld is not accessible and the radiation

must pass through a double thicknessj only that portion of the weld next to
the film shall be considered.

4.1.1.4. Radiographic interpretation for weld quality shall be done by

the General Electric project engineer or his representative.
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4.1.2. Ultrasonic Inspection

4.1.2.1. When required by the drawing; welded joints shall be ultra-

sonically rather than radiographically inspected.

4.1.2.2. Ultrasonic inspection shall be by the immersed technique at 5 mc

or higher frequency using focused transducers. Shear wave technique shall

be used with the beam traverse perpendicular to the weld centerline.

Inspection shall be from both directions toward the weld. For welds in

tubing, a transducer focused to the diameter of the tubing shall be used

with a maximum axial length on the transducer of 0.5 inch. For welds in

plate_ a spherically focused transducer or a cylindrically focused tran_

ducer of less than 1.5 inch diameter focus and 0.5 inch or less long

shall be used with its axis paralleli_o_%he weld _centerline.

4.1.2.3. Calibration shall be on notches cut in a tube or plate of simi-

lar material, preferably near a weld of similar nature. These circumfer-

ential notches shall be: depth_ 3% of the original wall or plate thick-

ness; width_ not more than the depth; length_ at least one beam width.

One notch shall be placed on the inside diameter or under side near the

weld; %he other notch shall be placed on the outside diameter or upper
side near the weld but on the opposite side of the weld or at least two

beam widths away (at the same distance from the weld) if on the same side

of the weld. Focusing shall be done to maximize the indication from the
notch on the under side or inside diameter. After focusing is completedj

whichever indication is larger shall be set at 80% and the amplitude of - "
the indication from the other notch shall be recorded. Distance correspond-

ing to the wall or plate thickness shall be marked on the oscilloscope.

Focal distance to the part to be inspected shall be set to that used f&r

the calibration piece before beginning inspection. Calibration shali be
done both before and after the inspection or at the beginning and end of

each work shift. All testing since previous calibration shall be repeated

whenever the calibration gain changes by more than 10%.

4.2. Weldin G Equipment and Procedure

4.2.1. Before welding actual columbium alloy parts and components, the

welding equipment and procedures shall be qualified by welding columbium

- 1% zirconium alloy and testing as follows.

4.2.2. A butt-welded joint will be made in the vacuum purged weld_hg

chamber in the columbium - 1% zirconium alloy. The material thickness

shall be approximately the same as the parts to be welded with a maximum

thickness requirement of 1/8 inch. Welding filler material shall be

sheared from the parent alloy.

4.2.3. Four strips shall be cut from the welded Joint with the weld

running transverse to the length. The minimum width of three strips
shall be four times the base metal thickness or 1/2 inch_ whichever is

smaller.

-265 -



SPPS-3C

24 September 1963

Page 8 of 9

4.2.4. Three welded strips shall be bend tested using a 75-degree V--block

and mating V-punch with a radius three times the base metal thickness.

Each weld is to be placed face down and centered under the punch radius.

The reinforcement on the back side shall be removed before testing.

4.2.5. All three test strips shall withstand a transverse bend through

90 degrees without cracking. The weld and heat-affected zones shall be

visually examined for cracks at a magnification of 10X. All three speci-

mens must pass the bend test requirements.

4.2.6. Chemical analyses of the parent metal and weld metal for oxygen_

nitrogen, hydrogen_ and carbon shall be made from the fourth strip. Gas

analyses shall be by vacuum fusion techniques and the carbon shall be

determined by the combustion method. These chemical analyses shall demon-

strate that the degree of environmental contamination did not exceed the

following limits: increase in oxygen content--less than 50 ppm; fncrease

in nitrogen content--less than 50 ppm; increase in hydrogen content--less

than 5 ppm; increase in carbon content--less than lO ppm. The following

limits shall apply to the analytical results.

Carbon ± i0 ppm

Oxygen ± 30 ppm

Nitrogen ± 30 ppm

Hydrogen ± 2 ppm

4.3. Postweld Annealing Procedures and Equipment

4.3.1. Before annealing welded joints in components_ the annealing pro-

cedures and equipment shall be qualified as described to insure that the

weldments are not contaminated and embrittled during the operation.

4.3.2. A sample welded joint simulating the actual weldment shall be

welded using qualified equipment and procedures. The weld shall be heat-

treated at 2200°F_ plus or minus 25°F_ for one hour in a vacuum using

the procedures and equipment that will be used for production welds. If

locallzed heat-treating equipment is used_ the temperature of the weld

shall be measured by a Pt/Pt-Rh thermocouple which is resistance spot-

tack to the part.

4.3.3. Three strips shall be cut from the joint. Two shall have a width

four times the base metal thickness but not less than 1/2 inch. The

third one shall be sufficiently wide to obtain a weld metal_ chemical

analysis sample. The weld shall run transverse to the length of the

strip at midpoint.
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4.3.4. One transverse weld bend strip shall be bend tested as annealed,

and the other shall be bend tested after aging at 1500°F for fifty hours

in a vacuum furnace at a pressure of I x 10 -5 torr maximum. The bend

test procedures shall be those described in paragraph 4.2. Both bend
w

strips must pass the test requirements.

4.3.5. Chemical analysis of the weld metal for oxygenj nitrogen, hydrogen_

and carbon shall be made from the third strip. These analyses shall

demonstrate that the degree of environmental contamination did not exceed

the limits set forth in paragraph 4.2.

4.3'6. Qualifying both welding and annealing procedures and equipment

simultaneously is permissible. The test results must meet the require-

ments of paragraphs 4,2 and 4.3.

4.4. Reports. A report shall be submitted with the finished parts and

shall include all vacuum, temperature, and inert gas purity measurements

applicable to welding and heating_ the X-rays of the weld joints_ and/or

when required, location and approximate depth of ultrasonic indications

found. Ultrasonic reports shall also include the ultrasonic equipment
and transducer used and calibration data. The above reports and all

accompanying X-rays, charts, etc., shall reference the drawing number_

part number, and serial number of each part represented and_ when multiple

welds on a part are made in separate environments_ the particular weld to

which the information is applicable.

Note: These reports shall be retained by quality assurance, should

subsequent weld evaluation be desired.
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SPECIFICATION

VACUUM BRAZING BIMETALLIC TUBE JOINTS

i. SCOPE

i.i. This specification establishes the requirements and outlines the pro-

cedure for vacuum brazing tube joints between refractory alloys (Mo-0.5Ti_

Mo-TZM_ Cb-iZr) and Type 316 stainless steel or L-605 alloy.

1.2. Reference to this specification shall be made on engineering drawings

whenever applicable. Information or requirements included on the drawing

supersede this specification.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2 Non-Government Documents

SPPS-IO

(3 June 1963)

3s

3.1.

3.2.

3.3.

3.4.

Operator Certification for High

Temperature_ Vacuum Furnace Brazing

of Bimetallic Tube Joints

FPD B50T56-S1 Cobalt Base Alloy Powder

(23 April 1958)

AMS 2635 Radiographic Inspection

(15 August 1958)

MATERIALS

The brazing alloy shall conform to FPD specification B50T56-S1.

The binder material shall be Nicrobra_ cement or its equivalent.

The stop-off material shall be Nicrobraze green or its equivalent.

The cleaning agent shall be acetone.
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4. REQUIREMENTS
,

4.1. Equipment

4.1.1..The vacuum furnace shall be capable of producing a vacuum at least
1 x 10 -4 torr at 2200°F. The vertical, uniform hot zone shall have a

6-inch mi.n_mum length and a 3-inch minimum diameter. The leak rate, starting
at 1 x 10" torr, shall result in a pressure increase not exceeding 2

microns/hour per cubic foot of chamber.

4.1.2. Auxiliary equipment shall be capable of monitoring furnace vacuum

and part temperature (plus or minus 5°F).

4.2. Furnace Operator Certification. Only those operators certified in
i

accordance with specification SPPS-10 shall perform brazing.

4.3. Cleaning. All components of the bimetallic Joint shall be cleaned by
one of the methods given in paragraph 5.1.

4.4. Joint Fit-Up. Joint fit-up shall be as specified on the engineering

drawing.

4.5. Braze Characteristics

4.5.1. The brazing alloy shall flow through the Joint uniformly, forming

smoothj even fillets.

4.5.2. Brazing alloy flow shall be limited to a 0.25-1nch fillet width.

4.5.3. Brazements shall be free from cracks and other defects outlined in

paragraph 6.

5_ PROCEDURE

5.1. Cleaning

5.1.1. Molybdenum and Molybdenum Alloys

5.1.1.1. Parts shali be degreased with acetone or equivalent.

5.1.1.2. Parts shall be cleaned electrolytically and polished by immersion

in a solution of 66% H2SO 4 - 34% H20 b_ volume maintained at room temperature.
Current densities of 100 to 300 amp/ft + shall be used with the molybdenum

as the anode. The blue oxide film that is formed shall be removed by alter-

nate rinsing in distilled water and acetone. A minimum one-inch length from

the Joint end of the tube shall be cleaned.

-271-



SPPS-9A
26 July 1963
Page4 of 7

5.1.1,3. Immediately after cleaning, the parts shall be stored in sealed

polyethylene bags until they are prepared for brazing.

5.1.2. Columblum and Columbium Alloys

5.1.2.1. Parts shall be degreased withacetone or itsequivalent.

5.1.2.2. Parts shall be immersed for one to two minutes in a solution

of 20_HNOo - 20%HF - 60% H20 by volume maintained at room temperature,to 125°F.
To remove _cid, the parts shall then be rinsed in distilled water and

acetone alternately.

5.1.2.3. Parts shall be stored as indicated in paragraph 5.1.1.3.

5.1.3. T_pe 316 StainlessSteel or L-605 Allo_s

5.1.3.1. MachinedSurface. Parts shall be deKreased with acetone or its

equivalent.

5.1.3.2. Light Scale. Parts shall be immersed for 10 sinutes, or until

the surface appears clean and white, in an acid solution af 6 to 15_ by

volume of HNO. (70_)and 0.5 to 1.5% by volume HF (60_) _intained between

room temperature and 130°F. To remove residual acid, parts shall be

rinsed in distilled water.

5.1.3.3. Parts shall be stored as indicated in paragraph 5.1.1.3.

5,2, Brazing Alloy Placement

5.2.1. Joint components shall be assembled per the engineering drawing.

5.2.2. Parts shall be handled using clean nylon_or: vinyl gloves.

5.2.3. iBrazing ;alloy powder and the Nicrobraz binder shall be mixed into

a uniform slurry. To form asmooth, even fillets the braze slurry shall

be applied with a spatula. Acetone shall be added to the slurry, as

needed, to maintain consistency. After each layer of slurry is applied

to the Joint, acetone shall be brushed lightly Onto the braze fillet until

no additional compaction occurs.

5.2.4. The braze slurry shall be applied to the Joint until a fillet,

approximately twice the size desired after brazing, is produced.

5.2.5. A stop-off compound, Nicrobraz green or its equivalent, shall be

applied by brushing, thus forming circumferential bands on each side of
the braze alloy. Utmost care shall be taken to avoid contamination of
the braze fillet. If contamination does occur, that portion of the braze
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alloy shall be removed with acetone and the procedures outlined in para-

graphs 5.2.3.and 5.2.4 shall be repeated.

5.2.6. The joint shall be dried at room temperature for a minimum of

four hours or by heating at a maximum of 200°F for two hours.

5.3. Brazing

5.3.1. Temperature Measurements

5.3.1.1. Two Pt/Pt-13% Rh thermocouples shall be attached, by spot tacking,

to the L-605 alloy or Type 316 stainless steel components of the joint.

These thermocouples shall be placed a maximum of 0.5-inch from the Joint.

5.3.1.2. An alternate method may be used whereby one Pt/Pt-13% Rh thermo-

couple, attached per paragraph 5.3.1.1., and an optical pyrometer shall be
used.

5_3.1.3. Pyrometers and temperature measuring equipment shall have been

calibrated within the month preceding use.

5.3.1.4. Temperatures recorded per paragraphs 5.3.1.1 or 5.3.1.2 shall

not differ by more than 20°F during the brazing temperature cycle.

5.3.2. Brazing Cycle

5.3.2.1. Prepared joints shall be placed in the furnace so that a minimum

of 2 inches on either side of the joint interface is within the uniform
hot zone of the furnace.

5.3.2.2. Before applying heat to the joint, a vacuum of i x 10 -4 torr

shall be attained. During heat-up, outgasslng of binder materials will

occur below 1000°F. Short-time (less than one minute) bursts to 1 x 10-3

torr vacuum are allowable. At least 1 x 10 -4 torr vacuum shall be maintained

when the part is above 1000°F.

5.3.2.3. Furnace temperature shall be increased gradually so that 15 to 25

minutes are required to reach the brazing temperature.

5.3.2.4. The brazing temperature shall be 2160°F, plus or minus 10°F, for

5 to 7 minutes as determined by the higher temperature reading given in

paragraph 5.3.1.4.

5.3.2.5. A complete record of time, temperature, and vacuum, signed by

the operator, shall be maintained.

-273-

I



SPPS-_

26 July 1963
Page 6 of 7

6. QUALITYASSURANCEPROVISIONS

6.1. Inspection. All brazed Joints shall be examined visually and by

binocular microscope and borescope for the following braze characteristics:

(1) Cracks,

(2) Porosity,

_3) Brazing alloy wet,ability and flow,

(4) Uniformity and size of brazing alloy fillets.

These brazing characteristics shall be consistent with good brazing

practice.

6.2. Joint Integrity. The brazed joints shall be inspected radiograph-

ically; their leak tightness shall be determined by helium mass-spectro-

metry techniques.

6.2.1. X-ray Inspection

6.2,1.1. X-ray inspection shall be performed in accordance with

specification AMS 2635.

6.2.1.2. The radiographs shall be taken in positions that will best

delineate lack of brazing alloy flow and porosity.

6.2.1.3. The General Electric project engineer or his representative shall

interpret the radiographs and determine braze quality.

6.2.2. Mass Spectrometer Leak Tests

6.2.2.1, The brazed _oint shall be evacuated to at least 1 x 10 -5 torr

by the mass spectrometer vacuum system and subjected to a helium gas

stream moved along the joint area.

6.2.2.2. Any leak indication at the maximum sensitivity of the mass

spectrometer shall be cause for rejection.

6,3. Repairs

6.3.1. If no cracks or other imperfections have occurred in thebase:metals,

joints may be repaired by repeating the procedures outlined in paragraphs

5.2 and 5.3. Only one additional brazing cycle shall be allowed.
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6.4. Columblum Alloy Control Specimens

6.4.1. A columbium alloy specimen, weighing 5 grams or more and taken from

the same tubing used to prepare the Joint, shall be subjected to all of the

thermal treatments applied to the joint. This specimen and a similar, but

unheated, specimen of the initial material shall be retained by the Quality

Control and Reliability Engineer for subsequent analysis in the event that

a determination of the extent of contamination by the vacuum environment is

desired.

6.4.2. Chemical analyses of the columbium alloy control specimens shall

be conducted for carbon, oxygen, nitrogen, and hydrogen upon the request

of the Quality Control and Reliability Engineer. The carbon shall be

determined by the induction heating_conductometric method and the other

elements shall be determined by the vacuum fusion method. A total

increase in the concentration of the above elements, averaged across the

tube wall thickness, greater than 100 ppm by weight shall be cause for

rejection of the Joint. Similarly, an increase in hydrogen content

greater than 10 ppm shalI because for rejection. _ The following limits

shall apply to the analytical results:

+
Carbon - 10 ppm

+
Oxygen - 50 ppm

+
Nitrogen - 50 ppm

+
Hydrogen - 2 ppm
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SPECIFICATION

OPERATOR CERTIFICATION FOR HIGH TEMPERATURE_

VACUUM FURNACE BRAZING OF BIMETALLIC TUBE JOINTS

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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SPECIFICATION

OPERATOR ,CERTIFICATION FOR HIGH TEMPERATURE_
VACUUM FURNACE BRAZING OF BIMETALLIC TUBE JOINTS

I. SCOPE

i.i. This specification outlines the requirements and procedures for cert-

ifying operators to perform high temperature_ vacuum brazing of bimetallic

tube joints. One component of the joints is a refractory metal or its

alloy.

1.2. This specification is applicable to all operator certification under

cognizance of SPPS Quality Control.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

SPPS-9 Vacuum Brazing Bimetallic Tube

(3 June 1963) Joints

FPD B50T56-SI Cobalt Base Alloy Powder

(23 April 1958)

3. MATERIALS

3.1. Base Metals The pertinent base metals include columbium_ tantalum_

or molybdenum or their alloys and 300 series stainless steel or L-605 alloy.

3.2. Brazing Alloy. The brazing alloy shall conform to FPD specification

B50T56-SI.

4. EQUIPMENT

4.1. The vacuum furnace shall be a high temperature_ cold-wall_ vacuum furnace.

4.2. The auxiliary equipment shall be capable of monitoring furnace vacuum

and part temperature (plus or minus 5°F).
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5. REQUIREMENTS

5.1. Purpose. The qualification t4sts described here shall determine the

operator's ability to produce sound brazements in components and facilities

for liquidmetal systems. It is intendedthat the operator demonstrate his

capability in vacuum system operation and temperature control of the furnace

that will be used in joint fabrication.

5.2. Joint Types. Simple overlap tube joints shall be used.

5.3. Brazing Test Specimens

5.3.1. Base Metals. Any combination of refractory and non-refractory

metals given in paragraph 3, as designated by SPPS Quality Control, shall
be used.

5.3.2. Tube Joints.

Figure 1.
The specimen shall have the joint design shown in

Refractory alloy component_

Brazing alloy placement I--'_

L
Figure i.

m

0.5 to 1.5"

Thickness: T 2 z T 1 minus 0.030 inch

Joint clearance: 0.002 to 0.005 inch

on radius

0.25 inch

Thickness: T 1 = 0.060 to 0.125 inch

Tube Joint Design.

6. PROCEDURE

6.1. The brazing technique shall conform to specification SPPS-9, para-
graph 5.
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7. QUALITY ASSURANCE PROVISIONS

7.1. Non-Destructive Testing. The finished brazements shall be inspected

by binocular microscope and boroscope for the following characteristics:

(1) Cracks,

(2) Porosity,

(3) Brazing alloy wettability and flow,

(4) Uniformity and size of brazing alloy fillets.

These brazing characteristics shall be consistent with good brazing practl_e.

7.2. Destructive Inspection

7.2.1. Two longitudinal sections and one transverse section shall be cut
from the brazement for metallographic specimens.

7.2.2. _tallographic specimens shall be mounted and polished using standard

metallographic practices. Specimens shall be examined at 50 to 100 X magni-
fication for cracks, porosity, fillet formation, etc. in the as-polished

and etched cond_ions. Microphotographs at 100 X magnification shall be

taken on each specimen.

7.3. Records. Copies of the record for each qualified vacuum furnace oper-
ator, to be retained by the manufacturer, contractor, or supervisor, shall

be a_ailable for inspection by the authorized representative of the purchaser

or project manager.
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SPECIFICATION

CHEMICAL CLEANING OF COLUMBIUM AND COLUMBIUM ALLOY PRODUCTS

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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SPECIFICATION

CHEMICAL CLEANING OF COLUMBIUM AND COLUMBIUM ALLOY PRODUCTS

I. SCOPE

i.i. This specification establishes the procedures for the chemical clean-

ing of columbium and columbium alloy products.

1.2. Reference to this specification shall be made on engineering drawings

whenever applicable. Information or requirements included on the drawings

supersede this specification.

2. APPLICABLE DOCUMENTS. None

3. MATERIALS Materials required under this specification are hydrofluoric

acid (489 solution) and nitric acid (709 solution).

4. EQUIPMENT. Necessary equipment includes:

(i) Acid tank resistant to hydrofluoric/nitric acid mixtures

(2) Wash tanks

(3) Cleaning racks resistant to hydrofluoric/nitric acid

mixtures

(4) Safety equipment and clothing.

5. REQUIREMENTS

5.1. The solution required for the proper chemical cleaning of columbium

materials is EXCEEDINGLY I_AZARDOUS. Extreme caution_ which shall be ex-

ercised in the preparation and usc of the solution_ requires that:

(i) Protective clothing_ as specified by the plant safety

specialist_ shall be mandatory.

(2) Proper warning signs shall be posted.

(3) Access to the facility shall be to authorized personnel

only.
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(4) An emergency center shall be established and shall store

the proper acid antidotes and the equipment and directions

for their usage, as specified and demonstrated by the plant

industrial hygienist.

5.2. All surfaces of the columbiumor columbiumalloy products shall be

free of grit, metallic chips, grease, oil, fingerprints or any organic
markings.

5.3. The cleaned and dried products shall be transferred immediately to
polyethylene bags. All hollow parts shall be sealed with suitable non-

adherent plugs. Cleaned products shall be handled using clean nylon gloves.

6. PROCEDURE

.6.1. The composition of the solution shall be:

Hydrofluoric acid (48% solution)

Nitric acid (70% solution)
Water

- 20_ by volume

- 20_ by volume

- 6_ by volume

The quantity of cleaning solution shall be calculated so that ENTIRE con-

tainer units of the acids are consumed in the preparation. Acids shall

always be added to the water, NEVER the reverse. The prepared solution
shall be thoroughl---y agitated t_ure complete mixing and maintained at
100-125°F during pickling.

6.2. The cleaning rack shall be loaded so that the cleaning solution

shall have free access to all surfaces of the charge. To assure uniform

cleaning, rack loads shall consist of products with as similar dimensions
as possible,

6.3. To maintain a minimum storage time for cleaned stock, the chemical

cleaningoperation shall be scheduled just before any fabrication pro-

cess. The racked columbium products shall be totally immersed in the

solution and agitated by gently raising and lowering the rack beneath

the surface of the solution. If hollows (tubes, pipes_ cylinders, etc.)
are being cleaned, the agitation shall be achieved by moving the rack

back and forth in the solution to insure a continuous supply of fresh

solution to the internal surfaces. Depending on the mass and configuration
of the rack loads, the immersion time will vary. The amount of stock re-

moval required shall be specified by the requestor.

6.4. After the immersion, the rack shall be raised above the solution,
tilted slightly and allowed to drain for 2-3 minutes. Then the rack

shall be immersed immediately in clean, flowing water and agitated by
a back and forth movement of the rack. Immersion in the water rinse

shall be no less than thirty minuteswith the water at a temperature above
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125°F. A second rinse shallbe conducted for a minimum of five minutes
in distilled or de-ionized water at a temperature above 125°F. The rack

load shall be allowed to drip-dry or shall be dried by blowing dry, clean,

oil-free airover and through the load.

7. RECORDS. The part name, date of cleaning, and general observations

shall be recorded as specified by the project manager or his repre-

sentative.
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SPECIFICATION

GRIT BLASTING COLUMBIUMAND COLbq_IBIUMALLOY PRODUCTS

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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SPECIFICATION

GRIT BLASTING COLUMBIUMAND COLUMBIUMALLOY PRODUCTS

I. SCOPE

i.i. This specification establishes the procedures for grit blasting

columbium and columbium alloy products to obtain increased and uniform

emittance.

1.2. Reference to this specification shall be made on engineering draw-

ings whenever applicable. Information or requirements included on the

drawings supersede this specification.

2. APPLICABLE DOCUMENTS. None

3. REQUIREMENTS

3.1. Materials. Aluminum oxide powder_ classified

99_ minimum purity_ is required.

3.2.

3.3,

3.3.1.

3.3.2.

3.3.3.

280 mesh size and

Equipmen_____t. Necessary equipment includes:

(i) Micro-grit blasting machine with a variable abrasive

feed rate and nozzles between 0.018 and O.125-ineh

diameter.

(2) Compressed air supply_ variable to 80 psig.

Procedure

The parts shall be degreased_ if necessary.

The abrasives shall not be used more than once.

The nozzle shall be kept in motion at all times when the abrasive

is in contact with the surface of the parts.

3.3.4. The distance between the nozzle and the surface of the parts shall

not be less than 2 inches.

3.3.5. The parts shall be grit blasted using an air pressure of 80 psig;

uniform surface finish shall be produced.

3.3.6. Abrasive particles shall be removed from the surface of the parts

by wiping with clean lint-free cloths.
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4. QUALITY ASSURANCE PROVISIONS

4.1. After grit blasting_ parts shall exhibit a uniform surface finish

under visual inspection.

4.2. Records. A certificate of conformance shall be supplied with the

finished parts. Records shall be maintained by Quality Assurance Personnel.
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ALLOY BY THE ELECTRON BEAM PROCESS

SPPS-14

24 January 1964

Page 2 of 8

i. SCOPE

i.I. Scope. This specification establishes the procedures, process sub-

stantiation_ and quality requirements for electron beam welding of eolumbium-

19 zirconium alloy. Reference to this specification shall be made on engineer-

ing drawings whenever applicable. Information or requirements on the drawings

supersede this specification.

2. APPLICABLE DOCUMENTS

2.1. Government Documents. None

2.2. Non-Government Documents

AMS 2635

(15 August 1955)

SPPS-IIA

(26 July 1963)

Radiographic Inspection

Chemical Cleaning of Columbium

and Columbium Alloy Products

3. REQUIREMENTS

3.1. Equipment

3.1.1. A high voltage electron beam welder_ capable of 150 kilovolts at

20 milliamperes_ shall be used.

3.1.2. The welding chamber shall be capable of evacuation to less than

5 x 10 -5 torr and shall be leak-tight as determined by mass-spectrometer

leak checks at a sensitivity of 5 x 10 -10 std ce/sec.

3.2. Cleaning

3.2.1. The parts to be joined shall be cleaned in accordance with specifi-

cation SPPS-11A of 26 July 1963_ for material thickness of 0.015 inch or

more. Material thicknesses less than 0.015 inch shall be cleaned with re-

agent grade acetone.
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3.3. Fixtures

3,3.1, The fixtures shall hold the parts in px_per alignment and shall

maintain the gap tolerance listed in Table I.

TABLE I

ALLOWABLE GAP TOLERANCES

Material Thickness

(Inch) ;:)
Maximum Allowable Gap

(inoh),

0.000 to and including 0.010

0.010 to and including 0.060

0.60 to and including 0.125

0.125 and greater

metal-to-metal contact

0.002

0.003

0.005

3.3,2. The fixtures shall be made from materials that do not corrode or

rust in air. The fixture components that contact the columbium parts near

the weld Joint shall be made of molybdenum, tungsten or columbium.

3.3.3. The fixture shall be clean and free of surface contamination.

3,4. Welding Procedures

3.4.1. Welding of components shall be done using equipment and procedures

which conformto Section 4. After 12_ding of components and fixtures, the

chamber shall be evacuated to 1 _Xs10 torr or better before the filament
current is started and to 5 x 10 torr or better before the electron beam

is activated.

3.4.2. Prior to welding the beam shall be sharply focused upon a tungsten

target whose surface is at the same level as the surface of the material to

be welded, This procedure may be modified in special cases where surface

focusing would not allow complete fusion of the weld joint.

3.4.3, Prior to the first piece welded and subsequent to the last piece

welded in each sequence of chamber evacuations, weld bend specimens shall

be prepared. Each specimen shall be from 0.04 to 0.08 inch thick, 1 inch

wide (minimum), and 2 inches long (minimum) with a longitudinal weld bead

weighing 2,5 grams (minimum).

The above specimens shall be tested in accordance with paragraph 4.2. Speci-

mens and samples shall be tagged with the drawing number, part number, and

serial number of each part represented by the samples and specimens, These

specimens shall be retained by quality assurance.
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3.4.4. The completed weldment shall be left in the chamber until sufficient

time has elapsed to allow complete cooling of the component to room tempera-

ture.

3.4.5. In repair welding, procedures shall be provided by the _en_ra_

Electric project engineer. The component shall then be weldedj according

to the requirements of this specification, and re-inspected.

3.5. Postweld Heat Treatment

3.5.1. The weld and adjacent heat-affected zone shall be postweld_annealed
": --3

at 2200°F, plus or minus 25°F, for one hour in a vacuum of 1 x 10 torr or

better. The annealing may be local at the weld Joint or the entire weldment

may be annealed in a vacuum furnace, The procedures and equipment used shall
conform to paragraph 4:3.

3.5.2. Localized heating shall be done using a heater having only refractory

metals in the hot zone. Dense vitrified alumina (99.2% purity) shall be used

as the heater electrical Insulation in the cold zone of furnace. The t_mpera-

ture of the weld Joint shall be measured by a Pt/Pt-Rh thermocouple thai:is

resistance spot-tacked adjacent to the weld metal. After heat treatment the

thermocouple spot-tack shall be filed off.

3.5.3. A columbium-1% zirconium control specimen of 0.040 to 0.080-inch_thick

sheet, weighing 5 grams or more, shall accompany the welded components or parts

through postweld vacuum heat treatment.

The above specimens and a similar, but unheated, specimen of the control mate-

rial shall be submitted with the finished parts. Specimens shall be tagged

with the drawing number, part number, and serial number of each part repre-

sented by the specimens.

Note: These specimens shall be retained by quality assurance for:,subsequent

chemlcal analysis, should an investigation of vacuum environment contamination

be desired.

3.6. Defect Limits. The completed weldment shall be examined for defects

visually and by ultrasonic or X-ray techniques, or both. Welds which do not
meet the following quality requirements of this specification are unacceptable.

3.6.1. Vlsual and Radiographic. Welds shall be reasonably smooth and uniform

in appearance and free of the following defects by vlsual and radiographic

inspection:
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I. Cracks in the weld and adjacent base metal

2. Crater checks or cracks

3. Surface Incluslons and pores

4. Undercutting of the base metal

5. Depression of the weld below the base metal
6. Unfilled weld craters or stops

7. Damage tQ the weld and adjacent base metal by contamination
from foreign materials or metals

8. Lack of fusion of the weld deposit to the base metal

9. Incomplete fusion and penetration to the root of the joint
(back side of butt and groove welds)

10. Porosity in the weld metal

3.6.2. Ultrasonic. Rejection shall be by any indication which exceeds the

amplitude of the respective calibration indication. For tubing, inside diam-
eter (or under side):_defects shall be compared to the indication from the

notch on the inside diameter (or under side), and outside diameter (or upper

side) defects shall be compared to the indication from the notch on the out-

side diameter (or upper side). Indications less than half the thickness from
the surface or less than 0.150 inch from the surface, whichever is smaller,

shall be compared to the upper side (or outside diameter) calibration indica-
tion. Defects more than half the distance from the incident surface or more

than 0.150 inch from the surface shall be compared to the indication from the

inside diameter (or under surface) notch.

4. QUALITY ASSURANCE PROVISIONS

4.1. Weld Inspection Procedures. All welded Joints shall be inspected for

conformance to the quallty requirements vlsually and by X-ray or ultrasonlc

techniques, or both.

4.1.1. X-ray Inspection

4.1.1,!. X-ray inspection shall be done according to AMS 2635, "Radiographic

Inspection". Fine grain film shall be used for maximum sensitivity. The
penetrameter thickness and hole sizes shall be based on the smaller section

thickness being joined, The radiographic technique shall be considered satis-

factory if the smallest hole in the penetrameter can be clearly distinguished

on the radiograph.

4,1_1.2. The radiographs shall be taken in positions that will best delineate

lack of weld penetration and fusion. Wherever possible, the film shall be

placed on the back side of the weld joint.

4.1.1.3. When the back side of the weld is not accessible and the radiation

must pass through a double thickness, only that portion of the weld next to
the film shall be considered.
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4.1.1.4. Radiographic interpretation for weld quality shall be done by the

General Electric project engineer or his representative.

4.1.2. Ultrasonic Inspection

4.1.2.1. When required by the drawing, welded joints shall be ultrasonically

rather than radiographically inspected.

4.1.2.2. Ultrasonic inspection shall be by the immersed technique at 5 mc or

higher frequency usingfocused transducers. Shear wave technique shall be

used with the beam traverse perpendicular to the weld centerllne. Inspection

shall be from both directions toward the weld. For welds in tubing, a trans-

ducer focused to the diameter of the tubing shall be used With a maximum axial

length on the transducer of 0.5 inch. For welds in plate, a sphePically focusdd

transducer or a cylindrically focused transducer of less than 1.5 inch diam-

eter focus and 0.5 inch or less long shall be used with Its_iaX_sa_parallel to

the weld centerline.

4.1.2.3. Calibration shall be on notches cut in a tube or plate of similar

material, preferably near a weld of slmilar nature. These clrcumferential

notches shall be: depth, 3% of _he original wall or plate thickness; width,

not more than the depth; length, at least one beam width. One notch shall be

placed on the inside diameter or under side near the weld; the other notch

shall be placed on the outside diameter or upper side near the weld but on the

opposite side of the weld or at least two beam widths away (at the same distance

from the weld) if on the same side of the weld. Focusing shall be done to

maximize the indication from the notch on the under side or inside diameter.

After focusing is completed, whichever indication is larger shall be set at 80%

and the amplitude of the indication from the other notch shall be recorded.

Distance corresponding to the wall or plate thickness shall be marked on the

oscilloscope. Focal distance to the part to be inspected shall be set to that

used for the calibratlon piece before beginning inspection. Callbratlon shall

be done both before and after the inspection or at the beginning and end of each

work shift. All testing since previous callbration shall be repeated whenever

the callbration gain changes by more than 10_.

4.2. Welding Equipment and Procedure

4.2.1. Before welding actual columbium alloy parts and components, the weld-

ing equipment and procedures shall be qualified by welding columbium-l%

zirconium alloy and testing as follows.

4.2.2. A full penetration bead on sheet weld shall be made in the electron

beam facility in the columbium-l% zirconium alloy. The material thickness

shall be approximately the same as the parts to be welded with a maximum thick-

ness requirement of 1/8 inch.
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4.2.3. Four strips shall be cut from the welded joint with the weld running

transverse to the length. The minimum width of three strips shall be four

times the base metal thickness or 1/2 inch, whichever is larger_

4.2.4. Three welded strips shall be bend tested using a 75-degree V-block

and mating V-punch with a radius three times the base metal thickness. Each

weld is to be placed face down and centered under the punch radius. The rein-

forcement on the back side shall be removed before testing,

4.2,5, All three test strips shall withstand a transverse bend through 90

degrees without cracking. The weld and heat-affected zones shall be visually
examined for cracks at a magnification of IOX. All three specimens must pass

the bend test requirements.

4.2,6. Chemical analyses of the parent metal and weld metal for oxygen,

nitrogen, hydrogen, and carbon shall be made from_the fourth strip. Gas

analyses shall be by vacuum fusion techniques and _he carbon shell be deter-

mined by the combustion method. These chemical analyses shall demOnStrate
that the degree of environmental contamination did not exceed the following

limits: increase in Oxygen cOntent--less than 50 ppm; increase in nitrogen

content--less than 50 ppm; increase in hydrogen content--less than 5 ppm;

increase in carbon content--less than 10 ppm. The following limits shall

apply to the analytical results.

÷
Carbon - 10 ppm

+
Oxygen - 30 ppm

Nitrogen - 30 ppm

Hydrogen - 2 ppm

4.31 Postweld Annealing Procedures and Equipment

4.3.1. Before annealing welded joints in components, the annealing procedures

and equipment shall be qualified as described to insure that the weldments are
not contaminated and embrittled during the operation.

4.3.2. A sample welded joint simulating the actual weldment shall be welded

usin_ qualified equipment and procedures. The weld shall be heat-treated at
2200 F, plus or minus 25_F ,, for one hour in a vacuum using the procedures and

equipment that will be used for production welds. If localized heat-treating
equipment is used, the temperature of the weld shall be measured by a Pt/Pt-Rh

thermocouple which is resistance spot-tacked to the part.
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4.3.3. Three strips shall be cut from the joint. Two shall have a width four

times the base metal thickness but not less than 1/2 inch. The third one shall

be sufficiently wide to obtain a weld metal, chemical analysis sample. The

weld shall run transverse to the length of the strip at midpoint.

4,3.4. One transverse weld bend strip shall be bend tested as annealed, and

the other shall be bend tested after a_ngat 1500°F for fifty hours in a
vacuum furnace at a pressure of 1 x 10 torr maximum. The bend test pro-

cedures shall be those described in paragraph 4.2. Both bend strips must

pass the test requirements.

4.3.5. Chemical analysis of the weld metal for oxygen, nitrogen, hydrogen,
and carbon shall be made from the third strip. These analyses shall demon-

strate that the degree of environmental contamination did not exceed the

limits set forth in paragraph 4.2.

4.3.6. Qualifying both welding and annealing procedures and equipment simul-

taneously is permissible. The test results must meet the requirements of

paragraphs 4.2. and 4.3.

4.4. Reports. A report shall be submitted with the finished parts and shall

include all vacuum, temperature, and inert gas purity measurements applicable

to welding and heating, the X-rays of the weld joints, and/or when required,

location and approximate depth of ultrasonic indications found. Ultrasonic

reports shall also include the ultrasonic equipment and transducer used and

calibration data. The above reports and all accompanying X-rays, charts, etc.
shall reference the drawing number, part number, and serial number of each

part represented and, when multiple welds on a part are made in separate envir-

onments, the particular weld to which the information is applicable.

Note: These reports shall be retained by quality assurance, should subsequent
weld evaluation be desired.
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'DATE _ _ ' '"' ' I NO.

Aug. 2, 1965 [ 03-0013-00-B

I. SCOPE

i.I. Scope. This specification describes the helium mass spectrometric

method and quality requirements for leak detection in various types of

containment equipment. Reference to this specification shall be made

on engineering drawings whenever applicable, however, information Or

requirements on such drawings supercede this specification.

1.2. For other methods of leak detection, see MIL-STD 271C (Ships).

2. APPLICABLE DOCUMENTS

i
I

I
I

. l.

2. 2.

Government Documents

MIL-STD 271C (Ships)

i October 1963

Non-Government Documents. None

3. REQUIREMENTS

3.1. Equipment and Materials

Non-Destructive Testing

I

I
I

I
3.1.1. Leak Detector. Final acceptance testing shall be accomplished

using a mass spectrometric helium leak detector. Appropriate conversion

factors are presented in Table I.

Table I

To Convert From

Std. cc/sec.

Micron-liters/s,c.

Micron cubic feet/hr.

Torr-liters/sec.

Leakage Units <Flow).

To

Micron-liters/s,c.

Micron cubic feet/hr.

Torr-liters/sec.

Std. cc/sec.

Micron cubic feet/hr.

Torr-liters/sec.

Std. cc/sec.

Micron-liters/s,c.

Torr-liters/sec.

Std. co/see.

Micron-liters/sec.

Micron cubic feet/hr.

_298-=,

Multiply By

7.6 x 102A "

_:66x i0-_60 x i0 -I

i. 32 x 10 -3

i. 27 x I0 z

1.00 x 10 -3

1.04 x 10 -5

7.87 x I0-_

7.87 x 10 -6

1.32

i 00 x 103

1127 x 105

I
I
I
I
I

I
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I _I_ MaSS Spectrometric ,Leak Detection

I 3.1.2.
Sensitivity of the Instrument

•OONnNOED

DATE

Aug. 2, 1965
i

I

PAOS 3 oF 7

NO. 103-0013-00-B

I
I
I

3.1.2.1. This test, which serves to calibrate the instrument only,

shall beperformed with a calibrated leak attached directly to the leak

detector with helium applied at atmospheric pressure. Recalibration will

be performed upon change in setup or after moving the leak detector

from one place to another. The sensitivity of the instrument shall

be determined as follows:

3.1.2.2. Prior to leak detection (during calibration) random meter

movement (oscillations) shall be less than 10% of the full scale value

I at the maximum sensitivity (the times i scale or equivalent) of the
instrument.

I 3.1.2.3. During the calibration, the length of time for the output
meter to go from zero to full scale on any sensitivity range shall
not exceed one second.

!

I

I
I
I
I
I
I

3.1.2.4. The operator will assure himself that the output meter has

risen to a maximum, constant level to be sure that equilibrium has been

reached in the system.

3.1.3. Calculation of Sensitivity.
as follows:

The sensitivity shall be calculated

S=L
w

CHD

where S = Sensitivity

L = Calibrated leak (micron cubic feet per hour or

standard cubic centimeters per second of air)

CHD = Deflection caused by helium during calibration

(calibration helium deflection)

3.1.4. Helium. The helium used shall be a pure commerical grade which

is not oil pumped.

3.2. Preliminary Conditions

I 3.2.1. Stages for Helium Leak Testing. When any part of

cannot be reached for proper repair after final assembly,

I shall be performed

I

a test piece

leak testing

during appropriate predetermined stages of fabrication.
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I

3.2.2.1. One or both of the following tests may be conducted on the D

test piece during or after assembly to locate large leaks in order to

reduce time for leak testing with the helium mass spectrometer.

3.2.2.2. The test piece shall be subjected roan internal gaspressure

(air or inert gas, not helium) not to exceed the design pressure. All

connections and welded joints shall then be examined for leaks by

application of a soap solution or its equivalent. The joint or

connection will be observed for the growth in size of bubbles or the

obvious removal of the soap solution by the force of the gas through

the leak.

3.2.2.3. Vacuum leak testing shall be performed with the test piece,

including all welds and joints, unpainted and free of any type of

coating or filler. The test piece shall be evacuated with the leak

detector vacuum system to less than 300 microns of mercury. Where a

pressure greater than 300 microns exists, an attempt will be made to

reducethe pressure by tightening all connections and coating welds

with a compound such as Apiezon "Q" putty. The location of large

leaks will be noted when a large decrease in pressure occurs. Careful

examinationof the suspected area will usually disclose the defect,

and repair procedures can be implemented. When a pressure of 300

microns or less can be attained, helium leak testing can be initiated.

13,2.3. Cleanliness. Whenever possible, the test piece shall be clean

and free of water vapor, oil, grease and other contaminants which

interfere with the mass spectrometer leak test.

3.2.4. Adsorbed Gases. Inert gases or inert gas mixtures used during

fabrication should not contain helium. When fabrication procedure_

make it necessary to use helium the test piece shall be evacuated

below a pressure o_ 50 microns. Whenever possible, test pieces will

be warmed (150-250VF ormore)to remove adsorbed gases to reduce the

background within the leak detector to an insignificant level. On a

relatively leak-free system, an insignificant background is indicated

by an output reading on the most sensitive scale which is steady to

the extent that the needle oscillations are less than 10% of the full

scale deflection. In less ideal cases, where the output is high and/

or unsteady due to previous exposure to helium, high outgassing rates I
or relatively large leaks, leaks may be detected; but the signlficance

of a particular reading must be based on the interpretation of the

operator. ....
B
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3.2.5.

Spectrometric Leak Detection

Openings in the Test Piece.

•Qmqn_

_,al _ oF 7

io,,. I.O. jAug. 2, :1.965 03-0013-00-B

! ,

All unused openings in the test

I
I
I

i
I
!

I

I

I
I

I
I

I

piece shall be sealed leak-tight. All leaks around these closures

shall be sealed, using sealing wax, cements or other suitable material

which can be readily and completely removed after testing.

3.2.6. Vacuum. The test piece shall be evacuated to 50 microns or

less as determined by a thermocouple gauge, or its equivalent, which

shall be placed in the vacuum line immediately adjacent to the test

piece. If, after all preliminary testing, with all openings leak-tlght,

a system can be evacuated to only 300 microns, the leak detector may

then be used with the following technique. The operator can determine

if the instrument has enough sensitivity during leak checking to detect

the leak. When the leak is detected and repaired, the test piece

shall then be evacuated to 50 microns or less and rechecked, using the

helium leak detector as described in paragraph 3.5.

3.3. Frequency of Calibration. The leak detector must be calibrated

at the beginning and completion of any leak test, at least, and more

frequently if the leak testing is prolonged.

3.4. Calculation of Actual Leak Rate.

as follows:

Leak rates shall be calculated

LR = S x THD

where LR = Leak rate (std. cc/sec, or micron cubic feet/

hour air)

S = Sensitivity

THD = Deflection caused by helium during leak checking

(test helium deflection)

This calculation applies only when the leak is exposed to helium at

one atmosphere pressure and after the indicated level indication has

risen to a maximum, constant value. In this specification it applies

only to the Envelope Method described below.

3.5. Helium Leak Testing Methods

3.5.1. Envelope Method. The envelope method of helium leak detection

shall be used to indicate the total leakage of the item (including

portions of test pieces) after all large leaks have been repaired as

indicated by an ability to evacuate the test piece to a pressure lower

than 50 microns. The procedure is as follows:
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Interconnect the calibrated leak detector with the item

under test.

Evacuate to 50 microns or less as measured by a thermocouple

gauge or its equivalent placed in the evacuation line

adjacent to the test piece

P,GS 6 o_ 7
2,1965103-0013-00-B

Co Envelop the entire test piece or portion thereof with a

suitable container such as a plastic bag.

d. Fill the space between the outside of the item under test

and the container with helium at, or slightly above,

atmospheric pressure.

e. With the inlet valve to the detector in a wide open position,

the pumping speed of the detector reduced to a minimum, and

no auxiliary pumping on the test piece, the leakage into

the detector is measured on the output meter. This measure-

ment of leakage is valid only after the deflection has risen

to a steady, constant value.

3.5.2. Probe Method. When the actual leak rate exceeds the permissible

value or when an over-all probe test is specified, all welds or other

suspected areas shall be inspected by means of a fine jet of helium on

one side of the weld or other joint and the leak detector on the other.

After repair of all defects located by this method, the actual leak

rate will be evaluated, if required, using the Envelope Method

(paragraph 3.5.1.).

3.5.3. Sniffer Method. Where configuration or access makes probe or

envelope testing impossible, the system under test will be pressurized,

with helium to a point within design specifications. All welds or

suspected areas shall be inspected by the use of an evacuated probe

which will draw helium from a leak into the leak detector, All leaks

detected by this method must be repaired since it is not possible to

measure the size of the leak using this method.

3.6. Allowable Leakage Rates

3.6.1. Categories. Two categories of acceptable leakage rates are

specified for various applications: critical and non-critical.

3.6.2. Critical Applications. In critical applications a maximum

total leakage rate of 5.0 x i0 -I0- std. cc/sec, of air is specified

unless otherwise noted on engineeringdrawings or directed by the

design engineer.

I

I
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I

3.6.3. Non-Critical Applications. When non-critical applications are

noted on engineering drawings, the maximum, total, allowable leak rate

will be 5.0 x 10 -8 std' cc/sec, of air.

!

I

4. QUALITY ASSURANCE PROVISIONS

I 4.1. Certification. After completion of a helium leak test on a piece

of test equipment or component, the leak detector operator will prepare

a Helium Leak Test Process Control Record (Form SPI067) in duplicate.

He will send the original to the person requesting the leak test and

will retain the duplicate for the Helium Leak Test Record notebook.

5. PREPARATION FOR DELIVERY. Not applicable

I 6. NOTES. None

!

!

i

I

I

I

I

I

I
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• ' AUSTENITIC -GOH_NUED DATE NO. jl I

I
WELDING OF STAINLESS STEELS 9-13-65 03-0014-00-B

!

1. SCOPE

i.i. Sc_.__p_. This specification covers the requirements for welding austenitic stainless I

steels in the fabrication of austenitic stainless steel components, facilitles 3 and test J

devices.

2. APPLICABLE DOCUMENTS I

2.1. Government Documents B

I
MIL-STD-271C (Ships) Non-Destructive Testing Requirements

(1 October 1963) for Metals
I

2.2. Non-Government Documents I

ASME Boiler and Pressure

Vessel Code, 1962 and
Addenda

ASTM A371-62T

(1962)

ASTM A298-62T

(1962)

Tentative Specification for Corrosion-

Resisting Chromium and Chromlum-Nickel

Steel Welding Rods and Bare Electrodes

(AWS A5.9-62T)

Tentative Specification for Corrosion-

Resisting Chromium and Chromium-Nickel

Steel Covered Electrodes (AWS A5.4-62T)

I
I
I

I
ASTM B297- 55T

(1955)

ASTME165-63

(1963)

ASTM E142-64

(1964)

ASTM E94-62T

(1962)

AWS A2.0-58

(1958)

AWS A3,0-61

(1961)

3. REQUIREMENTS

3. i. Operator Quallficatlon.

Tentative Specifications for Tungsten

Arc-Welding Electrodes (AWS A5.12-55T)

Standard Methods for Liquid Penetrant

Inspection

Controlling Quality of Radiographic

Testing

Tentative Recommended Practice for

Radiographic Testing

Standard Welding Symbols (American

Welding Society)

AWS Definitions-Welding and Cutting

(American Welding Society)

When the components, facilities, or piping are to be

fabricated to a specific code_ standard, or specification_ the welders shall be quali-
fied for proficiency as required by the applicable documents. The applicable documents

I
I

I
I
I
I

I
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I

I

shall be specified on the engineering drawlngs 3 speclflcations_ or purchase order. When

no code_ standard_ or speciflcatlon is speclfled_ the components shall be fabricated by

welders who are proflclent in the welding of austenitlc stainless steels by the applicable

welding process.

3.2. Welding Processes and Equipment

I 3.2.1. Welding Processes. The welding process used shall be that designated for the

Joint on the engineering drawing by welding symbols. The process designations are:

I
I

I
I
I
!

P8G - Gas tungsten arc

P8J - Gas metal arc
P8B - Shielded metal arc

3.2.2. Gas Tungsten Arc. Welding by this process_ manual or automatic_ shall be done

using direct current_ straight polarity. The torch gas cup shall be of adequate size to

provide optimum gas coverage to the weld zone. Tungsten electrodes shall conform to
ASTMB297-55T and shall be Class EWTh-2.

3.2.3. GasMetal Arc. The welding equipment shall be in good condition and free of

water and gas leaks. The gas shielding cup shall be of adequate size to provide Optimum

gas coverage to the weld zone.

3.2.4. Atmospheres. Forgas tungsten arc weldingj argon of 99.95% minimum purity shall
be used for both torch shteldingand weld joint backup protection. For gas metal arc

welding s argon-l% oxygen shall beused through the welding head and 99.95% purity argon
shall be used to protect the back side of the weld.

3.2.5. Welding Filler Wires and Electrodes

l'

I

I

I
I

I

3.2.5.1. The welding filler wire and/orelectrode shall be that specified on the

engineering drawing 3 part spectftcation_ or welding procedure specifications. Root

pass inserts 3 if usedj shall be manufactured from material meettngthe specifications

for the weldlng filler metal.

3.2,5.2. Bare welding wires for P8G and P8J welding processes shall conform to ASTM

A371-62T. Covered welding electr6des for the PSB process shall conform to ASTM A298-62T.

3.2.5.3. Coated welding electrodes used for shielded metal arc welding shall be pur-

chased in commercial moisture-proof containers. Electrodes that have been exposed to

ambient atmosphere for more than eight hours shall bebaked at 350°F for two hours prior

to use to drive off absorbed water vapor in the coating.

3.2.5.4. When the welding wire or electrode is not specified as described in paragraph

3.2.5.1._ it shall be selected from Table I for the alloys to be Joined.

3,3. Fabrication Techniques

3.3.1. Gas Shielding

I
-307-
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I
TABLE I

AUSTENITIC STAINLESS STEEL WELDING FILLER MATERIALS I

I
_-_o,_o _o _o_ _ _0, _0 _ _ _

welded 304

308 I

3023 3043 308 ER308 _ ER308 ER308 ER316 ER316L ER316

E308 E308L E308 E308 E316 E316L E316 I

304L

309

310

316

316L

321

Note: :

ER308L ER308L ER308L ER316L ER316L ER316L

E308L E308L E308L E316L E316L E316L

ER309 ER309 ER316 ER316L ER316

E309 E309 E316 E316L E316

ER310 ER316 ER316L ER316

E310 E316 E316L E316

ER316 ER316L ER316

E316 E316L E316

ER316L ER316L

E316L E316L

"ER" designates bare wire for P8G or P8J welding processes.

coated electrodes for P8B welding process.

-308-
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I
i

I
I

3.3.1.1. Adequate shielding against air drafts shall be provided for all welding opera-

tions to avoid disturbance of the torch gas shielding and/or the welding arc.

3.3.1.2. The back side of the weld joint shall be protected by argon shielding in a

manner that will protect the joint against contamination and oxidation.

3.3.1.3. All weld joints in pipe, tubing, tanks, and containers shall have the back

side of the weld protected by argon. The interlor of the pipe or container shall be

purged of air at the joint by sealing off the interior on both sides of the Joint or
both ends of thepipe or container. No welding shall be done until the interior has

been purged by a volume of argon equal to five times its volume. Systems already

pressurized with argon need not be purged.

3.3.2. Joint Preparations

3.3.2.1. The edges of the parts shall be grooved for welding by machining, grinding,

or filing as shown on the engineering drawing or specifications for the particular

Joint design and thickness.

3.3.2.2. When the surfaces to be weldediare ground, the grinding wheel and techniques

used shall not leave imbedded grit particles in the stainless steel.

3.3.2.3. The edges and surfaces to be joined and the adjacent base metal (about 2"

on each side of the Joint) shall be cleaned of all oil, grease, dirt and other foreign

matter. The areasshall also be free of surface oxides and scale. No residual clean-

ing compounds shail be left on the surfaces.

3.3.2.4, Before applying weld metal on the second side to be welded, the root of double

welded joints shall be prepared by machining, grinding, or filing to sound metal, free of

cracks, laps, seams, and craters. The root of the weld shall be liquid penetrant
inspected for defects. All inspection residue shall be removed before starting to weld.

3.3.3. Joint Positioning

3.3.3.1. Fixturin_. The Joints to be welded shall be positioned to provlde proper

allgnment, match of parts, and root opening.

3.3.3.2. Alignment. The joint edges shall not be misaligned more than 20% of the

thinner section being joined, or 1/16", whichever is less. Whenabutted ends of unequal

internal diameters exceed the allowable miSalignment, the part with the smaller inner

diameter shall be machlned tomatch that of the larger diameter. The internal taper

shall not exceed 1:4.

3.3.3.3. Tack Welds. After the parts are properly positioned, tack welds may be used to

maintain alignment during welding. The tack welds shall be cleaned of oxide with a

stainless steel wire brush prior to making the first pass. Cracked tack welds shall be
removed and retacked. Tack welds shall have complete fusion and penetration to the

weld joint root.

-309-
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3.3.3.4. Weld Inserts. Consumable weld inserts are permissible provided the welding

procedures used insure complete consummation of the insert in the root pass. Backing I

rings shall not be used unless (1) specifically called out on the drawing or specifica- w
tions, or (2) they are machined away after welding.

3.3.4. Welding I

3.3.4.1. Each joint shall be made using accepted welding procedures for the particular

Joint type, position, and thickness of base metal.

3.3.4.2. All weld metal that will be in contact with liquid metals contained in test

apparatus shall be deposited by P8G or P8J process. In multipass welds_ the first two
passes shall be deposited by the PSG or PSJ process. Shielded metal arc welding (PSB)

may be used for fill passes of the Joints, except for welds Joining Type 321 stainless
steel. Welds joining Type 321 stainless steel must be made using either PSG or PSJ

process for all passes. The welds must meet the quality requirements of section 3.4.

I

I

I
3.3.4.3. Each weld pass shall be thoroughly cleaned with a stainless steel wire brush

to remove surface oxidation. Weld deposits shall be free of flux, oxide, dirt, welding

defects, etc. before welding over them or connecting to them.
I

3.3.4.4.

3.3.4.5.

3.3.4.6.

Preheating shall no__tbe used.

Interpass temperature shall not exceed 500°F.

Completed welds shall be cleaned and wire brushed for visual inspection.

3.4. Quality Requirements

3.4.1. General. Weld deposits shall be reasonably smooth and uniform in appearance,
have complete fusion, and blend smoothly into the base metal. The welded joints

shall be free of the following defects by any and all methods of inspection:

1. Cracks of any type or size in the weld and adjacent base metal,

2. Crater checks and cracks,

3. Surface holes_

4. Cold laps in and along the edge of the weld,

5. Overlap of weld metal on the base metal,

6. Undercutting along the edges of the weld or depression of the

weld face below the adjacent base metal 3

7. Weld craters,

8. Damage to the weld metal by oxidation,

9. Incorrect _eld profile and size,

10. Lack of complete (100%) joint penetration in groove welds,

11. Incomplete fusion between weld metal and/or base metal.

I
I

I
I
I
I
I
I
I
I
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I 3.4.2. Drop Through. Weld metal on the back side of the joint shall not protrude above
the base metal surfaces by more than 25% of the base metal thickness or 1/16", whichever

is the least.

I 3.4.3. Groove Weld Reinforcement.

not exceed the following:

Weld reinforcement on the face side of the Joint shall

I

I

Base Metal Thickness

(inch)

Height of Reinforcement

(inch)

Up to 1/2 1/16
Over 1/2 to i 3/32

Over 1 to 2 1/8

I

I

3.4.4. Fillet Weld Contour. The face of a fillet weld shall be at approximatelY equal

angles to the sections it joins, unless specifically noted otherwise on the drawing. The

weld face may be slightly convex, flat, or slightly concave. Convex welds shall have a

maximum convexity of 0.1 S plus 0.03 inch where S is the average length (inch) of the

two legs of the fillet weld.

I
I

I
I

i
I
I

I
I

3.4.5. Radio_raphic Welds - Porosit_ and Inclusions

3.4.5,1. The total area of porosity and inclusions, as determined from the radiographic

..... film, shall not exceed i O.03T square inch in any six-inch length of weld, where T is the

average thickness of the weld. If the weld joint is less than 6 inches long, the total

allowable area of porosity and inclusions is reduced in proportion of weld lengthp

inches/6.

3.4.5;2. The largest dimension of any single indication shall not exceed 0.15T o_ 3/32

inch, whichever is smaller.

3.4.5.3. In any 2T length of weld, indica_ions of porosity and inclusions may be clus-
tered to a concentration four times (O.04T _) that permitted in paragraph 3.4.5.1. Such

indications shall be i_cluded in the total area permitted in paragraph 3.4.5.1.

including all of the cluster.

3.4.5.4. Any group of aligned indications having a summation of diameters greater

than £ in a weld length of 24T is unacceptable. If the weld joint is less than 24T

long, the allowable summation is reduced in proportion to weld length/24T.

3.4.5.5. Any two indications separated by a distance less than si T times the largest

dimension of the larger indication is unacceptable.

3.4.6. Leaks in Welds

3.4.6.1. Each welded Joint tested by hydrostatic_ gas pressure_ or pressure rise

(vacuum) methods shall show no evidence of leakage.

3.4.6.2. Each welded joint tested using a helium mass spectrometer, shall have a
leak rate of less than 5 x 10 "10 standard cc/sec of air.

I

I
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4.1. Visual Inspections. Visual inspections and measurements of the parts to be

joined s joint preparation and alignment 3 and the welded joint shall be performed
as required.

4.2. Radiographic Inspection

4.2.1. Applications. Welded joints shall be radiographed for soundness when radio-

graphic inspection (RT) is called out on the engineering drawing or parts specification.
Welds made in existing facilities and components that contain liquid metals at 300°F

and above will be radiographed provided the radiographs will adequately delineate

the welded joint. Radiographic procedures shall conform to ASTM E94-62T_ Tentative

Recommended Practices for Radiographic Testing.

4.2.2. RadiographicQuality Control° Radiographic quality control procedures used
shall be--those described _n the specification called out on the engineering drawing or

parts specification. If no specification is called out, the procedures described in
the specifications listed below shall apply to the applicable types of components.

Weld quality requirements are given in Section 3.4.

I

I
I
I

ASTM E142-64: Test components and e_uipment

ASME Boiler and Pressure Vessel Code: Facilities installations

and components including piping, vessels, tanks, boilers,

condensers, heat exchangers 3 and valves.

4.2.3. Penetrameters. Penetrameters shall be used for all radiographs and the

penetrameter image will be employed to determine the radiographic quality. Penetra-

meter design and material shall be that given in the applicable specification.

4_2,3.1. Penetrameter Placement. Penetrameters shall be employed as required by the

applicable specification. Normally, the penetrameter is placed on the source side

of the weldment. When it is not practical to place the penetrameter on the section

being examined, and in the plane normal to the radiation beam; it may be positioned on
a block of radiographically similar material placed as close as possible to the area

being radiographed. The block shall be the same thickness as the total weld thickness s
and it shall be placed so that the penetrameter is at the same distance from the film

as _f it were placed on the source side of the weld joint being radiographed.

4.2_.2. Double-Wall Radiography. When radiographing double-wall welds; such as
Joint s in pipe or tubing, the thickness of the penetrameter employed shall be based
upon the total thickness of material between the penetrameter and the film.

4.2.4° Weld Surface preparation. Accessible surfaces of welds shall be prepared as
necessary so that valleys between beads, weld ripples, and other surface irregularities
are bt_nded so that radiographic contrast due to surface condition cannot mask or be

confused with that of any defect.

I
I
I

I
I
I
!
I
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4.2.5. Pipe and Tube Joints. Unless otherwise specified on the engineering drawing,

parts specification, or purchase order, welds in pipe and tube of 3 inches O.D. and

smaller may be radlographed by the double wall technique and the weld zones in each

wall viewed for acceptance. A minimum of two radiographs shall be taken 90 ° to each

other. For welds in pipe and tubes having an O.D. larger than 3 inches, only the

weld zone closest to the film shall be viewed for acceptance. A minimum of four

radiographs shall be taken 90 ° to each other.

4.2.6. Source to Film Distance. Minimum recommended radiation source :to:film

distance d (inches) is that calculated by the following formula:
o

where

d = 2.5 Ft
o

F = maximum effective radioisotope source or focal spot dimension, mm.

t = weld thickness, or pipe or tube O.D._ inches

I Where a gap exists between the weldment and the film holder, the minimum source to

film distance should be increased by the ratio of:

I

I

t + gap

4.2.7. Identification of Radiograph Films. A system of positive identification of

the film shall be used. The following information shall appear on each radio-

graph and in the records accompanying each film:

I

I

I

I

I

1. Organization making the radiograph.

2. Date of exposure.

3. Identification of (a) the component, facility, or system, (b)

the weld joint_ and (c) the viewing direction.

4. The radiograph is the original area or a repaired area.

4.2.8. Radiographic Quality Level. Unless otherwise specified on the engineering

drawing or parts specification, the radiographic quality level shall be 2% (2+2T)

or batter.

4.2.9. Interpretation of Weldment Radiographs. The radiographs shall be examined

for quality and for unacceptable weld defects described in paragraph 3.4. Final

interpretation of radiographed welds for conformance to quality requirements is

reserved by the General Electric Companyx j

! 4.2.10. Disposition of Radiographs. Radiographs of weldments shall be forwarded to

SPPS Quality Control for filing, unless the fabricator is required to retain the

radiographs by law or other instructions.

I

I
I

4.3. Liquid Penetrant Inspection

4.3.i. Application. Welds shall be liquid penetrant inspected for soundness when

liquid penetrant inspection (PT) is called out on the engineering drawing or parts

specification. Welds made in existing facilities and components that contain liquid

metals at 300°F and above, and cannot be radiographed in a suitable manner to show

weld defects, shall be liquid penetrant inspected.
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4.3.2. Specifications. The applic&bleinspecttbnspecification shallbe that called

out on the engineering drawing or parts specificktion. If none is called out 3 the

specification ASTM E165-63 shall apply for the p_rticular process,

4.3.3. Surface Condition. As-welded surfaces 3 _ollowing the removal of surface oxides_

or flux 3 shall be considered suitable for inspection without grinding. Shot s sand 3

grit s and vapor blasting shall not be done on surfaces to be inspected.

4.3,4. Penetrants and developers shall be sulfur free types,

4.3.5. Multiple Pass Welds. When more than one pass of weld metal is required to
complete a weld joint_ each layer of weld metal shall be inspected for defects. All
indications shall be considered as described in paragraph._,3,6.1.Pr!or tO further

weldlngj all penetran_ and developer shall be cleaned from the joint and adjacent
areas using a suitable solvent.

4.3'6. Relevant and Irrelevant Indications. All indications in the weld and along

the fusion l_ine between the base metai and weld metal are •considered relevant and shall

be further evaluated or repaired. The indication shall be explored by removing the

surface roughness or other conditions believed to have caused the indication to de_er-

mine if defects are present. The weld shall be reinspected. Any indications are

considered relevant and shall be evaluated with respect to quality requirements of

paragraph 3.4.

I

I

I

I

I

I

I
4.4. Leak Testing

4.4.1. Applications. Weldments shall be checked for leakage as specified on the

engineering drawing or parts specification. All weldsmade in existing components

and facilities that will contain liquid metal shall be leak checked.

4.4.2. Specifications. When leak testing using a helium mass spectrometer is required

and no testing specification is given s the testing shall be done as described in

MIL-STD-271C (Ships).

I

I
I

4.4.3. A final leak check shall be performed on the completed weld assembly using
the specified method. I
4.5. Surveillance. Representatives of the General Electric Companyshall be permitted

free access for inspection of welding operations s fabrication 3 materials s andtesting.
The vendor shall afford each representative all reasonable facilities to satisfy him-

self that the fabrication is being furnished in accordance with the specified

requir_ments.

4.6, _eJection of Weldments° Weldments and •components not conforming to the speci-
ftca_iOns shall be rejected.

5. P P_PARATION FOR DELIVERY. Not applicable.

I

I

I
6. DEFINITIONS I
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6. I, _. Interpretation and mean£ng of _elding- symbols on -en.L_ln_er.£ng
drawings and specificationsi are th_e _-t_ k_ _A2_O'SB Stand_d Welding Symbols p "unless

specif£cally.delineatod _ otherw£ee on":;thl- _&w_n_s :_nd Bpecifi_ktlons .....

6.2 Weld£n_ Terminology. Weldi_ __,t_ in -_hts Spocifiawt_iOn • are defined in
AWS A3.0-61. :.,

I

I

I
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SPECIFICATION
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prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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SPECIFICATION

ARC WELD GROOVE DESIGNS FOR AUSTENITIC STAINLESS STEELSI L-605,

COLUMBIUM_ AND TANTALUM ALLOYS

1. SCOPE

i.i. ScoPi____e.This specification defines the typical groove designs for

inert gas shielded tungsten arc welded joints in liquid metal containment

components, assemblies and facilities. It is applicable to austenitic

stainless steels, L-605, columbium, and tantalum alloys.

2. APPLICABLE DOCUMENTS

2. i. Government Documents. None.

2.2. Non-Government Documents. Bulletin No. 214 - Specific Safety Require-

ments Covering the Installation of Pressure Piping Systems, Industrial

Commission of Ohio, 1961. ASME Boiler and Pressure Vessel Code, 1962.

3. REQUIREMENTS

3.1. Joint Designs. The weld groove designs are shown in Figure i. The

groove dimensions for the four materials are tabulated. The groove designs

are typical and they are applicable to most weldment designs.

3.2. Applications. The groove designs are to be utilized in the design of

liquid metal containment facilities, components, and test devices. When weld-

ing procedures development shows the need for special groove designs to obtain

the required weld quality, the modified design shall be incorporated on the

engineering drawing with approval of SPPS Materials and Processes

engineering and design engineering.

3.3. Groove Preparation. The edge preparation shall be machined, using

procedures that will not (1) induce flaws in the metal, (2) leave embedded

particles or other foreign matter on the groove surfaces, and (3) overheat

or otherwise damage the metal metallurgically. After machining, all oil,

cutting lubricants, chemicals, dirt, grinding deposits, etc. shall be

cleaned off the parts.
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SPPS-50

30 April 1964

Page 3 of 6

3.4. Root Opening. Th_ root openings (G), shown in Figure 1, are maximum

values, The actual opening used should be that required to obtain full
weld penetration and Joint fusion. When the root opening is delineated on

the drawing, its value shall be used for manufacture of the components.

3.5 Quality Requirements. The welding grooves shall be within dimensional

tolerances shown on the engineering drawings. They shall have reasonably

good surfaces consistent with good machining practices. Sharp corners shall
be broken a minimum amount for safety only. Correction of machining errors

by welding, or any other process of adding material, must be approved by

SPPS Materials and Processes engineering.

3.6. Responsibility for Use. The use of the groove designs in this speci-
fication, or those delineated on the engineering drawing, does not relieve

the manufacturer of components and facilities of the responsibility for pro-

ducing weld Joints to the quality requirements of the applicable welding

specification.

4. QUALITY ASSURANCE PROVISIONS

4.1. Inspection. The edge preparations shall be inspected for dimensional
requirements as shown in the engineering drawing.

5. PI%KPARATION FOR DELIVERY. Not applicable.

6. DEFINITIONS

:.6.1. Materials and Processes Engineering. SPPS materials engineer covering

the appli_able component.

6.2. Design Engineering. SPPS engineer responsible for the design of the
applicable'component.

6.3. APRlicable Welding Specification. SPPS specif_cation covering the

welding O:rf_the particular material of:which the component is made.
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SPECIFICATION

STAINLESS STEEL CONOSEAL TUBE UNIONS

i. SCOPE

i.i. Scope. This specification covers the installation, connection, and

leak-checking of Conoseal tube unions to be used in alkali metal handling

systems.

2. APPLICABLE DOCUMENTS

2.1.

2.2,

Government Documents. None.

Non-Government Documents

SPPS-42

SPPS-41

(I May 1964)

Bulletin No. 804

3. REQUIREMENTS

3.1. Installation Procedure

Alkali Metal Handling and Control

Welding of Austenitic Stainless Steels

Conoseal Union Fitting - Aeroquip

Corporation, Marman Division,

Los Angeles, California

3.1.1. Tube Welding. The Conoseal tube union fitting is designed for

use with standard tube sizes ranging from i/8-inch outside diameter to

one-inch outside diameter. Referring to Aeroquip Bulletin No. 804 and/or

Figure i, both male and female flanges have tube sockets specifically

designed for welding the tubing to the flanges. The welding procedure is:

a. Insert the tubing into the flange socket.

b. Fuse the tubing to the flange from the inside of the flange in

accordance with SPPS-41, taking care not to strike the arc on the flange

sealing face. Weld tubing to both flanges in this manner.
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SPPS-53

14 August 1964

Page 3 of 4

c. Remove the oxide film from the flange faces and welds with 20_

HC1 solution as evidenced by the disappearance of the color from the heat

affected area for all unions contacting alkali metal.

3.1.2. Pipe Welding. When using the Conoseal tube union fitting with

pipe, it may not be possible to insert the pipe into the tube socket.

Therefore, the pipe may be butt-welded to the flanses in accordance with

SPPS-41. This type of connection may be used in vacuum or gas lines

only--NOT in lines to contain liquid metals.

3.2. Connection Procedure

3.2.1. Connecting. Inspect the gasket and both flange faces to deter-

mine that there are no visible burrs or nicks on the sealing surfaces.

Insert the gasket into either flange and tighten the union to 500 _ 100

inch-pounds torque.

Re-use of a given union requires replacement of the gasket.

3.3. Leak-Checkin 8 Procedure

3.3.1. Leak-Checking. Conoseal unions, after being connected in lines

which will serve as either alkall metal transfer lines or gas-vacuum

lines, should be helium leak-checked at a sensitivity of 5 x 10 "11 std.

cc/sec, with a maximum allowable leakage of 5 x 10-10 std. cclsec. Leak-

checking should be done at room temperature, at the anticipated service

temperature, and after temperature cycling where applicable.

3.4. Chemical Composition. Referring to Aeroquip Bulletin No. 804_ the

flanges and gaskets will be made from Type 347 stainless steel and the

nut from black iron.

4. QUALITY ASSURANCE PROVISIONS

4.1. Certification. Compliance with the leakage standards will be

recorded in the bound notebook which includes the operating data for a

particular program or system. Lack of compliance will also be recorded

and corrective action taken; e.g., replacing or tightening the Conoseal

union fitting.
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NOTE:

Figure 1.
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Female Flange

Tube

Male Flange

Tube

\

Fusion Weld

8G

Use 400 to 600 inch-pounds of torque to tighten nut.

Assembly of Conoseal Union Fitting
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APPENDIX E

ALKALI METAL PROCUREMENT AND PURIFICATION SPECIFICATIONS
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SPECIFICATION

REACTOR GRADE SODIUM METAL

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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Reactor Grade Sodium Metal • O3NTINUED

DATE "

I0 May 1965

PAGE 2 OF 5

NO.

OI-0031-O0-B

i. SCOPE

I.i. Sc__.p._. This specification covers the reactor grade of high purity sodium
metal.

2. APPLICABLE DOCLr_NTS

21_ i. Government Documents

MXL_ STD- 271C
+

Interstate Commerce Commission, Regulations Applying to Shippers, Part 73-206.

2.2. Non-Government Documents. None

3. REQUIREMENTS

3.1. Acknowledgments. The vendor shall mention this specification in all

quotations and all purchase order acknowledgements.

3.2. Chemical Composition

3.2.1. Product Composition. The manufacturers analysis on the product shall

conform to the requirements in Table I.

3.2.2. Check Analysis. On receipt, the product will be sampled and re-analyzed,
and shown to conform to the requirements in Table II. Non-conformance will be

reason for rejection of the shipments.

4. _UALITY ASSURANCE PROVISIONS

4.1. Chemical Analysis

4.1.1. Certifications. The analysis made by the material manufacturers to

determine the percentage of elements stipulated in this specification shall

be reported to the purchaser at the time of shipment in a certificate of test.

The certification will be supplied in triplicate.

4.1.2. Methods of Analysis

4.1.2.1. Vendor Analyses. The chemical analyses shall be performed in

accordance with ASTM methods when available. When ASTM methods are not avail-

able_ the analyses will be performed according to written procedures which

result in data of known precision and accuracy. Such procedures will be

supplied to the purchaser and the vendor will reference such procedures on

test certificates. If procedures are proprietary, the vendor will not supply

procedures to the purchaser 3 but will keep them_ on file for reviewwith the

government contractor# if requested.
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Reactor Grade SodiumMetal - C0N11NUED

PAGE 3 OF

I DATE
I0 May 1965

I

NO.

01-0031-00-B

4.1.2.2. Check Analyses . Check analyses will be performed by the purchaser

and/or by.Nuclear Materials and Equipment Corporation_ Apollo_ Pao

4.2. Transfer Methods

4.2.1. Environmental Conditions. Shipping containers will be mass spectro-

meter lead-checked per MIL-STD-271C. The sodlumwill be transferred from storage

to shipping containers through stainless steel lines and valves under conditions

which do not result in an oxygen contamination of greater than 5 ppm. The

sodium must not contact brazed or soldered connections or Joints during the trans-

fer operation. The maximum transfer temperature will be 250UF. Containers are

to be pressurized to 5 pslg argon pressure after the sodium is frozen.

5. PREPARATZONFOR DELIVERY

5.1. Identification. Each shipping container shall be legibly and conspicuously

marked or tagged with the number of this specification, purchase order number_ lot

number and gross_ net and tare weights.

5.2. Packing, Material will be shipped in accordance with Interstate Commerce

Commission) Regulations Applying to Shippers# Part 73-206. Each shipment will

be legibly and conspicuously marked_ "Danger - Hazardous Materials - Keep Away

From Water."

6. NOTE_____S.None
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Reactor Grade Sodium Metal -(30N_NUED

DATE

10 May 1965

TABLE l

PURITY SPECIFICATION FOR REACTOR GRADE SODIUM

I
PAGE 4 OF 5 "

to.01-O031-O0-B

Element Maximum Content

(pp_n)

Oxygen
Chlorine

Carbon

Potassium

Tin •
Lead

Cobalt

Nickel

Iron

Calcium

Lithium
Boron

Manganese
Cadmium

Rhodium

Indium
Rhenium

Copper
Silver

Mercury
Europium
Samarium

Dysprosium
Gadolinium
Sodium

50 (in NA) as NA20
I0 (in Na)
20 (In _A)

200 (in NaC1)
2 II II

10 " "

0.5 " "
10 " "
I0 " "

I0 " "

5 If It

1 II I|

10 " "
2 '1 II

30 " "
25 " "

100 " "

I0 " "

15 " "

35 " "

0.1 " "

0.I " "
0.I " "

0.i " "

99.95% min.
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Reactor Grade Sodium Metal .(_N_)

DATE

10 May 1965

NO.

01-0031-00-B

I
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I
I

I

TABLE 11

CHECK ANALYSIS FOR REACTOR GRADE SODIUM

Element

Oxygen

Tin

Lead

Cobalt

Nickel

Iron

Calcium

Boron

Manganese

Copper

Silver

_ne.ium
Chromium

Silicon

Titanium

Aluminum

Vanadimn

Zirconium

Molybdenum

Columbium

Barium

Maximum Content

(pp=)

60 (in Na) as Na20

2 (in NaCI)

i0 " I,

5 I! II

10 " "

i0 " "

10 " "

5 11 I!

i0 " "

10 " "

15 " "

unspecified

I!

II

11

II

I!

It

11

11

!l
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HOT TRAPPED REACTOR GRADE SODIUM METAL

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215
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, PAGe 2 OF 7 I
_i ' ' I oA'rl I.o. " " I--

I. SCOPE

1,1. S_9__Et, This specification covers the hot trapping and purity of reactor

sr_le sodium metal.

1

I
2. x_.Li,c,_ Docu_s

2.1. Government Do,.cup.ents. None

2.2. .Non-Gover ,nmep,c. Document,s

01-0031-00-B

27 March 1965 Reactor Grade Sodium Metal

03-0018-00-A

15 June 1965
Alkali Metal Handling and
Control Procedures

03-0014-00-A

1May 1964

3. x_q.lu_,._s

3.1. Hot _:_ving Procedure

Welding of Austenitic Stainless
Steel for LiquidMecal Systems

3.1.1. OutRassing. The alkali metal will be outgassed in the shipping

containerj as indicated below_ prior to transfer to the hot, trap. A vacuum
system capable of achieving a blank-off pressure of l x 10 " tort will be

I

I

I

I

I

I

I
used. TTappins will be provided between the vacuum pump and the vacuum-
inert 8as manifold to prevent contamination Of the system by back-streaming ml
Of pump o£1 Vapors. The*inert gases used (helium and arson) will be shown n
to contain less than 10 molar ppm combinedwater and oxygen. Referring to mm

Figure 1_ the procedure is:
m

.. Make sure that all valves are clean to the seats and then connect l

• the vacuum-inert gas manifold as shown in Figure 1. (See Spe_.

03-0018-00-A for valve cleauins.) • 1
b.'Heat the shipping container gas valve and the lin 8 connecting it

to the shipping container to a temperature of 250 F plus or minus
25"7 and pressurise the manifold to about 20 psialwithinart gas. I

1

c. Open the shipping coutaluer gas valve to blow out any alkali metal

which it may contain. I
I

Evacuate Ch_ shipping.container through the gas valve_ heat £c co
d. between 450"F and 600Fandmonitor the pressure in themanifold.

I
e. When the pressure levels off or drops below Ix 10 2 corr_ close

the valve at the trap and measure the pressure rise rate. Continue
evaguatin S and checking pressure rise until the rate is less than .I
10 " tort-liters per minute. m
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Hot Trapped Reactor Grade Sodium Metal

DATE

10 May 1965

PAa 7
NO.

01-0032-00-B

I
f. Cool the shippln8 container at a rate not exceeding 50°F per hour to

a temperature which exceeds the meltlng point of the alkali metal by
not more than 50°F'

I

I

I

I

I

I
I

I
I

I

3.1.2. Hot Trapping. The hot trapwill be built of an austenitic stalnless

steel and will be capable of withstanding an internal pressure of 50 pslg at

1500°F for at least 10_000 hours. It will be llned with titanium or zirconium

sheet; not less than 0,01 inch thlck_ in a manner which prevents liquid metal

between the liner and the hot trap body from returnlng to the interior of the

liner when the hot trap is properly oriented. The getter shall be titanium_

zirconium or 50_ tltanlum-50_ zlrconiumalloy sheet_ turnings or chunks (not

sponge)_ and the alkali metal weight to getter surface ratio shall not exceed

10 grams/square inch. When it is known that the oxygen content of the getter

is grea_er than I0_ by weight for titanium or 5_ by weight for zirconlum_ the

llner and getter willbe replaced.

All valves used will be of austenitic stainless steel except plugs and/or seats ,

which may be Stellite. They will be of the bellows type_ sealed with metal

gaskets or welded. Valves which contact the alkali metal will be angle pattern

and will be oriented so that the bellows is between the hot trap and valve seat

with one exception. The exception is the valve on the connecting line between

the shipping container and hot trap. Here the bellows should be between the
valve seat and the vacuum-inert gas manifold. All valves should be attached so

that the plug axis is vertical and that the handle is toward the 8round to
facilitate cleaning. (See spec. 03-0018-00-A for valve cleaning.)

All welding will be performed according to Spec 03-0014-00-A.

Before use_ the hot trap will be outgassed at a t_mperature exceeding 250°F
untll the pressure rise rate is less than 1 x 10" tort-liter per minute, It

will be helium }gak-check_ at this temperature with a maxlmum allowable leak
rate of 5 x I0" std. cm of air per second. Hot traps will have a stainless

steel filter having a nominal pore size of 5 microns on the dip le8 between the

hot trap and the valve.

Referring again to Figure 1_ the procedure is:

I a. Heat the connecting line between the shipping container and hot trap_

including valves_ to 250VF and evacuate through the vacuum-inert gas
valve. Helium leak-check the transfer line.

I b' Pressurize manifold to 20 psia and open the hot trap gas valve to

blow down alkali metal which may be in it.

I c. Evacuate the hot trap and transfer llne to less than one tort inert

gas pressure and close the manifold valve.

I d. Pressurize the shipping container to about 20 psia.

I
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_i , i i, ill ii,_, Hot Trapped Reactor Grade Sodium Metal -(3_LJ_D

e.

f.

ge

h.

i.

DATE

Z0 May 1965

Heat all components to a temperature exceeding the melting point of
the alkali metal. The temperature of the shipping container filter
should not exceed the melting point of the alkali metal by more than
50°F.

I
SAGe 4 OV 7 |

I° i
01-0032-00-B

Open the gas valve of the hot trap and then the dip leg valve of the
shipping container and transfer the desired quantity of metal to the
hot trap. (See Spec. 03-0018-00-A for methods for determining quantities
transferred.)

Close the dip leg valve on the shipping container and the gas valve
on the hot trap, Cool the transfer system to room temperature and

remove it; and clean valves.

Reconnect the vacuum-inert gas valve to the hot trap gas valve and
evacuate back to the seat of the gas valve,

Heat the gas valve to a temperature exceeding the melting point of
the alkali metal and pressurize the manifold to about 17 psia.

I

I

I
I

I

3.2.

J.

k.

i.

Open the hot trap gas valve to pressurize the hot trap to about 17

psla and maintain this pressure during subsequent operations.

Heat the hot trap to a temperature between 1300°F and 1450°F and

maintain it at temperature for at least 20 hours.

Cool to about 400°F and remove specimens for analysis. The specimen

collectin8 technique is not speclfled;but one of a number of methods

described in Spec. 03-0018-00-A must be used; depending on the analytical

apparatus which applies.

Chemical Combos it ion

I

I

I

I
3,2.1. Oxyeen. The oxygen content shall be less than 20 ppm by weight as Na20
in aodit.n.

3.2.2. Metal ImDuriti.es. The metallic impurity levels shall conform to the
requirements in Table I.

4. OUALI ASS.U   Uv.P ..OVIS 0NS

4.1. Certlf!catlon. After completion of the analysesj a report will be pre-

pared in quadruplicate indicating the lot number of the purified batch and

referencing the notebook and page numbers covering the purification and
analyse_ This report will be distributed as follows:

1. Project Engineer in charge of facility in which the sodiumwill be used.
2. Quality Assurance
3. Alkall Metal Custodian

4. File

I

I

.1

1

1



I PAGe _ OP 7

: ' ' DATE NO.

_1 , I I , 1

jI 4.2. Chemical Analysis

4.2.1. Specime n Preparation. Analytical specimens will be prepared in accordance

with techniques described in Spec. 03Q00IS-00-A.I

I

!
I
I
i

I

I
I
i

I

I
I
I

I
I

4.2.2. _ualyCical Methods

4.2.2.1. 0__. Oxygen analyses will be performed by the mualgmmaCionmechods
described in Spec. 03-0018-00-A.

4.2.2.2. Metal Impurities. Analyses will be performed in accordance with

methods found in Spec. 03-0018-00-A.

5. PREP A]_tTION FOR DELIVERY. None

6. NOTE__._SS.None
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TAILE_

ANALYSIS OF HOT T_PED _TOR GL_DE SODIUM !AL

ELD_NT

Tin
Lead
Cobalt

Nickel

Iron
Calcium

Boron

Man'$anese
Coppe:

Silver

Masneslm.
Chromium

Sillcon

Titanium
Alumlnum

Vanadium
ZtrcQnium

Molybdenmn
Columbium

Barium

MAXIMUM CONTENT

•:. (m_,-) ,

2 (in NaCl)
I0 " "

5 II l|

10 " "
10 " "
10 " "

|1 I|

lO " "

10 " "

15 " "

unspecified
I!

It

tl

It

II

l!

II

I!

II

I
1
I
I
I
i

1

I
I
I
i
t
I
I
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HOT TRAPPED REACTOR GRADE SODIUM

i METAL, , ,,

- CONTINUED

DATE

5/10/65

, i j

PAGE 7 OF 7

Pressure Gauge

I Vacuum-lnert Vacuum Gauge

Gas Manifold /

| _ z.ert / vacuu=-z.ert .
_ Vacuum

i Gas i/ _- Trap

! _ Thermowell

I Dipleg /

I _ _2;3I I 11;27::_/ - _5-MicronF_lter

i I °I Valve

Shipping

Container

Hot Trap

Figure i. Schematic Drawing of the Apparatus for Outgassing

and Hot Trapping Sodium
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SPECIFICATION

HIGH PURITY GRADE POTASSIUM METAL

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Contract NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI, OHIO 45215

_, i-r" C'=_ _, kF'f ___ _ _'P-..
:-:U,._',,_Lg.
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High Purity Grade Potassium Metal •C0N_NUED

DATE

lOMay 1965

PAGE Z OF 5

NO. I

01-0033-00-B

i. SCOPE

i.I. Sc_E92_. This specification covers the high purity grade potassium metal.

2. APPLICABLE DOCUMENTS

2.1. Government Documents

MIL - STD -271C

Interstate Commerce Commission, Regulations Applying to Shippers, Part 73-206.

2.2. Non-Government Documents. None

3. _QUIRE_ENTS

3.1. Acknowledgments. The vendor shall mention this specification in all

quotations and all purchase acknowledgments.

3.2. ChemicalCompositlon

3.2.1. Product Composition. The manufacturers analysis on the product shall

conform to the requirements in Table I.

3.2.2. Check Analysis. On receipt, the product will be sampled and reanalyzed,

and shown to conform to the requirements in Table II. Nonconformance will be

reason for rejection of the shipments.

4. QUALITY ASSURANCE PROVISIONS

4.1. Chemical Analysis

4.1.1. Certifications. The analysis made by the material manufacturers to

determine the percentage of elements stipulated in this specification shall

be reported to the purchaser at the time of shipment.in a certificate of test.

The certification will be supplied in triplicateo

4.1.2. Vendor Analyses. The chemical analyses shall be performed in

accordance with ASTM methods when available When ASTMmethods are not

available, the analyses will be performed according to written procedures

which result in data of known precision and accuracy. Such procedures will

be supplied to the purchaser and the vendor will reference such procedures

on test certificates. If procedures are proprietary, the vendor will keep

them on file for review with the government contractor, if requested.

4.1.2.2. Check Analyses. Check analyses will be performed by the purchaser

and/or by Nuclear Materials and Equipment Corporation, Apollo, Pa.

4.2. Transfer Methods



!

!
!

!

!

!

!

!

!

!

!

!
I!

!

!
!

PA_ 3 oF $

4.2.1, Envlr_A__1 C___it!___t, Shippi_ containerj will be erase spectrometer

leak-checked per IGL-STD-271C. The potassium v111 be transferred from storage
to shippin8 containers through stainless steel ltnes sad valves under conditons
which do not result tn an oxygen contm_tnation of greater than $ pFa. The potassium
must not contact breaed or soldered connections or Joints during the transfer
operation' The uem/mm transfer temperature viii be 250_. Containers ere to be
pressurised to 5 pets argon pressure after the potassium 18 frozen.

5. ?tl_tttTxetl r_ nZLXVZ_

5.1. Zdentiftcatigq. Each shipping container shall be legibly sad conspicuously
marked or tagged with the number o5 this specification_ purchase order nmaber t
lot umber and gross_ net and tare weights.

5.2. Yacl_ina. l/atarial will be shipped in accordance with Xntarstate Coumerce

Comalssionp RagulatXous ApplytnK to Shippers_ ?art 73-2060 Each shipment wall
be legibly and cosmptcuoasly Eked "Dal_er - H88ardou8 YmtarLals - Keep Away
from Mater."

6. . No'r.__.__None
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TABLE I
I

mU, _., SPECIF!.CAT_ONFOX SIG_ c_. POTASSIUM I
Element

Oxygen

Sodium

Tin

Lead

Maximum Content

(ppm)

50 (in K) as K20

50 (in g C1)

5 ii

5 t!

I

I

I
Cobalt

Nickel

Iron

Boron

Manganese

5 t!

25

50 "

I0 "

lO

I
I

1
Copper

Silver

Aluminum

Magnesium

Chromium

30

5

10

8

5

II

II

I!

1I

!1

I

1

i
Silicon

Titanium

Molybdenum

Vanadium

Beryllium

25

5

3 It

5 !!

5 It

I

I

I
Zirconium

Strontium

Barium

Calcium

Potassium -346-

i0

5 tt

5 t!

25 "

99.9970 mln.

t
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High Purity Grade Potassium Metal -_gnNu_

DATE

ZOMay 1965

PAGE 5 OF 5

NO.01-0033-00-B

Element

Oxygen

• Sodium

Tin

Lead

Cobalt

Nickel

Iron

Calcium

Manganese

Copper

Silver

Magnesium

Chromium

Silicon

Titanium

Aluminum

Zirconium

Molybdenum

I

U_lumh_u_

TA_,S XZ

c_enx Ati,_ALYSIS FOR HIGH PURITY GRADE POTASSTUM

Maximum Content

(ppm)

60 (in K) as K20

50 (in KCl)

5 "

5 "

5 "

25 "

50 "

25 "

10

30 "

5

8

5

25 "

5

10 "

10 "

5 it

5
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SPECIFICATION

HOT TRAPPED HIGH PURITY GRADE POTASSIUM METAL

prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONTRACT NAS 3-2547

SPACE POWER AND PROPULSION SECTION

MISSILE AND SPACE DIVISION

GENERAL ELECTRIC COMPANY

CINCINNATI_ OHIO 45215

-349-
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...... PAO.E2 OF 7 _"

I. sc0P_____E

1.1. _. This specification covers the hot trapping and purity of high
purity grade potassium metal.

2. _PLIC_LE .DOa_ESTS

2.1. Goyermaent Documents° None

I
I

I
2.2. Non-Covernment Documents

01-0033-00-B

_o May 1965 ,
High Purity Grade Potassium Metal

03-0018-00-A

15 June 1965

Alkali Metal Handling and Control
Procedures

03-0014-00-A

I May 1966

3, _UIaEME_S

Welding of Austenitic Stainless

Steels for Liquid Metal Systems

3.1. Hot Travpin_ Procedure

3.1.1. OutEassinz. The alkali metal will be outgassed in the shipping container_

as indicated below_ prior to transfer to the3hot trap. A vacuum system capable
of achieving a blank off pressure of 1 x 10 tort will be used. Trapping will
be provided betweenthe vacuum pump and the vacuum-inert gas manifold to prevent
contamination of the system by back-streaming of pump oil vapors. The inert
gases used (helium or argon) will be shown to contain less than 10 molar ppm
combined water and oxygen° Referring to Figure 1_ the procedure is:

a. Make sure that all valves are clean to the seats and then connect

the vacuum-lnert gas manifold as shown in Figure I. (See Spec.

03-0018-00-A for valve cleaning.)

bo Heat the shipping container gas valve and the _ine connecting it _o
the shipping container to a temperature of 250-F plus or minus 25-F
and pressurize the manifold to about. 20 psia with inert gas.

c. Open the shipping container gas valve to blow down any alkali metal
which it may contain.

I

I
I

I
I
I
I

I
I
I

do Evacuate th_ shipping container through the gas valve, heat it to
between 4507F and 600"F and monitor the pressure in the manifold°

e. When the pressure levels off or drops below 1 x 10 -2 torr_ close

the valve at the trap and measure the pressure rise rate. Continue

eva_uating and checking pressure rise until the rate is less than
I0" tort-liters per minute.
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f. Cool the shipping container at a rate not exceeding 50°F per hour

to a temperature whfch exceeds the melting point of the alkali metal
by not more than 50°F.

3.1,2. Hot Travvingo The hot trap will be built of an austenltic stainless

stee_ and will be capable of withstanding an internal pressure of 50 pst8 at
1500 F for at least 10,000 hours. It will be lined with titanium or zirconium
sheet, not less than 0.01 inch thtck_ in a manner which prevents liquid metal
between the liner and the hot trap body from returning to the interior of the
liner when the hot trap is properly oriented. The getter shall be titanium,
zirconium or 50_ tttantum-50_ zirconium alloy sheet, turnings or chunks (not
sponge)_ and the alkali metal weight to getter surface ratio shall not exceed
10 grams/square inch. When it is known that the oxygen content of the getter
is greater than 107. by weight for titanium of 5% by weight for zirconium, the
liner and getter will be replaced.

All valves used will be of austenittc stainless steel except plugs and/or seats
which may be Stellite. They will be of the bellows type, sealed with metal
gaskets or welded. Valveswhtch contact the alkali metal will be angle pattern
and will be oriented so that the bellows is between the hot trap and valve seat
with one exception. The exception ts the valve on the connecting line between
the shipping container and hot trap. Here the bellows should be between the
valve seat and the vacuum-Inert gas manifold. All valves should be attached
so that the plug axis is vertical and that the handle is toward the ground to

facilitate cleaning. (See Spec. 03-0018-00"A for valve cleaning.) _ .....

All welding will be performed according to Spec. 03-0014-00-A o

Before use, the hot trap will be outgassed at a _nperature exceeding 250°F
until the pressure rise rate is less than 1 x 10 tort-liter per minute. It

will be helium l_-checke_ at this temperature with a maximum allowable leak
rate of 5 x 10 std. cm of air per second. Hot traps will have a stainless

steel filter having a nominal pore size of 5 microns on the dip leg between the
hot trap and the valve.

Referring again to Figure 1; the procedure is:

a. Heat the connecting line betwe_nthe shipping container and hot
trap_ including valvesp to 250-F and evacuate through the vacuum-Inert
gas valve. Helium leak-check transfer line.

b. Presserize manifold to 20 psia and open the hot trap gas valve to blow

down alkali metal which may be in it.

c. Evacuate the hot trap and transfer line to less than one tort inert
gas pressure and close the manifold valve.

d. Pressurize the shipping container to about 20 psta.
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e. Heat all components to a temperature exceeding the melting point of-
the alkali metal. The temperature of the shipping container filter m

shsuld not exceed the melting point of the alkali metal by more than
50-F.

f. Open the gas valve of the hot trap and then the dip leg valve of the
shipping container and transfer the desired quantity of metal to the hot

trap. (See Spec. 03-0018-00-A for methods for determining quantities

transferred.)

g. Close the dip leg valve on the shipping container and the gas valve
on the hot trap. Cool the transfer system to room temperature and

remove it_ and clean valves.

h. Reconnect the vacuum-inert gas valve to the hot trap gas valve and
evacuate back to the seat of the gas valve.

i. Heat the gas valve to a temperature exceeding the melting point of the

alkali metal and pressurize the mm_ifold to about 17psia.

J.

ko

Open the hot trap gas valve to pressurize the hot trap to about 17 psia
and maintain this pressure during subsequent operations.

Heat the hot trap to a temperature beL_een 1300°F and 1450°F and main-

tain it at temperature for at least 20 hours.

i. Cool to about400°F and remove specimens for analysis. The specimen

collecting technique is not specified_ but one of a number of methods
described in Spec. O3-0018-OO-Amust be used_ depending on the analytical

apparatus which applies.

3.2. C_emical Composition

3.2.1. Oxvsen. The oxy@en content shall be le.-than 20 ppm by weight as K20
in sodium. ....

3.2.2. M_tal I_puri¢ies. The metallic impurity levels shall conform to the

requirements in Table I.

4. (NAL.I_,,,,ASSUa_CR PaOVlSIOHS

4.1. Certification. After completion of the analyses, a report will be prepared
in quadruplicate indicating the lot number of the purified batch and referencing
the notebook and page number covering the purification and analyses. This report
will be distributed as follows:

1. Project Engineer in charge at facility in which the potassium will
be used.

2. quality Assurance Engineer
3. Alkali Metal Custodian

4. File

I
I
I

I
I

I
I
I
I

I
I
I

I

I
I
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4.2. Chemical An alysls

4.2.1. Specimen P_eoaration. Analytical specimens will be prepared in accordance
with techniques described in Spec. 03-0018.00-A.

4.2.2. AnalYtical Methods

4.2.2.1. Oxy_. Oxysen analyses will be pe_fotled by the methods described
in Spec. 03=0018-00-A.

4.2.2.2. )total Zmpurities. A_alyses will be per£ormed in accordance with

methods £ound in Spec. 03-0018-00-A.

5. PSS_A_ZON FOa DSLZVS_..one

6. _. None.
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TABLE I
I

Elemen¢

Tin

Lead

Cobalt

Nickel

Iron

Calcium

Mansanese

Copper

Silver

Magnesium

Chr_um
Silicon

Titanium

Aluminum

Zirconium

Molybdenum

Colmnbium

Maximum Content
tD1D1M)

s (in _1)
I! II

5 II| II

I0 " "

I0 " "

25 " "

10 " "

30 " "

5 i_ If

8 . .

II I|

25 " "

I0 " "

10 " "

5 III III

_,_ III II

I

I
I

I

I

I

I

I

I

I

I

I
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Figure i. Schematic Drawing Of the Apparatus for Outgassing

and Hot Trapping Potassium
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ALKALI METAL HANDLING AND CONTROL pROCEDURES -C0NIINUED

I. SCOPE

I DATE15 June 1965

PAGE 2 OF 53 I

No. I03-0018-00-A I
I

I.I. Scope. This specification covers all technical phases of the procurement_

surveillance_ transfer_ storage_ purlfication_ sampling 3 analysis_ monitoring_ usage

and handling of alkali metals.

I
I
I

2. APPLICABLE DOCUMENTS

2;i. Government Documents

MIL-STD-271C (Ships)

(1 October 1963)

Non-Destructive Testing

Requirements for Metals

2.2.

Interstate Commerce Commission

Regulations Applying to

Shipping_ Part 73-206

Non-Government Documents

03-0013-00-A

15 September 1964

03-0014-00-A

1 May 1964

OI-O030-O0-A

21 January 1965

01-0031-O0-B

10 May 1965

01-0032-00-B

i0 May 1965

01-0033-00-B

i0 May 1965

Mass Spectrometer Leak Detection

Using Helium

Welding of Austenitic Stainless

Steels

High Purity Lithium Metal

Reactor Grade Sodium Metal

Hot Trapped Reactor Grade Sodium

Metal

High Purity Grade Potassium

Metal

I
I

I
I
I
I

I
01-0034-00-B

10 May 1965

Hot Trapped High Purity Grade

Potassium Metal

,.. 01-0049-00-A

Not yet written

01-0050-00-A

Not yet written

01-0051-O0-A

Not yet written

01-0052-00-A

Not yet written

03-0016-00-A

9 August 1964

-358-

High Purity Grade Eutectic NaK
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3. REQUIREMENTS

3.1. Procurement

3.1.1. Work Authorizations. Work Authorizations (Form GT 3099-A(4-62)) for the

purchase of alkali metals will be initiated by personnel responsible for the operation

of a given facility or by the alkali metal custodian when requested to write the Work.

Authorization by operating personnel. When a Work Authorization is initiated for the

purchase of an alkali metal 3 it will be accompanied by an Alkali Metal Surveillance

Record (Form SP1061): an example of which is attached to this specification as
Appendix A. The correct use of this record is explained in paragraph 3.2. of this

specification,

3.1.2. Procurement Specifications. Alkali metals will be purchased in accordance

with the appropriate specification. A listing of these specifications is given in

paragraph 2.2. of this specification.

3.1.3. Approvals. No alkali metal will be purchased without the approval of the

Alkall Metal Custodian. Approval for purchase will be indicated when both the

Materials Specification and the Purification Specification indicated on the Alkali

Metal Surveillance Record have been approved by the Alkali Metal Custodian.

3.2. Surveillance

3.2.1. Purpose. The purpose of the surveillance function is to provide continuous

information concerning all alkali metals in the plant. It will yield immediate

knowledge about the quantities: location and history of each lot of metal. Further-

more: it will help ensure that a particular lot of alkali metal ls appropriate for

the facility in which it is being used. The surveillance function is also designed

to provide quallty assurance information.

3.2.2. Alkali Metal Surveillance Record. The Alkali Metal Surveillance Record

(Form SP 1061) will:when completed: provide the information required to accomplish

the task set forth in the preceding paragraph. Referring to the example of this

record shown as Appendix A: the method of use is as follows:

a. The requestor will at the time of initiation of a Work Authorization attach

a copy of the Surveillance Record after filling in the following items: Requestor:

Vendor: W/A Number_ Intended Use: Material Specification_ and Purification Specifica-
tion.

b. The requestor will send the W/A and Surveillance Record to the Alkali Metal

Custodian.

c. The Alkali Metal Custodian will review theW/A and Surveillance Record and

approve the Material Specification and the Purification Specification: or will make

necessary changes in the Specifications and then approve. The requestor will be

informed of any changes.

d. The W/A will be revised: if necessary: approved by the Custodian and sent to

Purchasing. The Surveillance Record will be retained by the Custodian.

e. Purchasing will: after approval by Finance: place the order and inform the
Custodian of the order number.
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f. On receipt of the material, the Custodian will arrange for its transfer to

an approved place of storage or to an analytical facility where the material can be

sampled.

g. After sampling_ the Custodian will arrange for its transfer to an approved

place of storage.

h. After receipt of the vendor's analysis and completion of the "in-house"

analyses, the Custodian will review the Surveillance Record and approve the material

for use if the material conforms to the Specification. If it does not meet the

Specification, the Custodian will arrange to have the material returned to the vendor

or will waive that part of the Specification involved and then:approve the material

for use and indicate why the material may be used despite non-conformance.

i. The Custodian will make the necessary arrangements to release the material

from storage and the requestor will arrange for the transfer to the facility.

j. When testing is complete or the material is of no further use_ it will be

disposed of by burning or hydrolyzing, returned to storage, or transferred to shipping

for return to the vendor. The requestor will make these arrangements and inform the

Custodian by means of an autogram. The autogram must indicate the Material Designation

Number and the planned disposition.

I

I

I

I

I

F

I
3.3. Transporat ion

3.3.1. Interplant Transportation. Transfer of alkali imetals by commercial carriers

between plants will be in accordance with Interstate Commerce Commission_ Regulations

Applying to Shippers, Part 73-206.

3.3.2. Intraplant Transportation. Quantities of alkali metals in excess of one

pound will be transported in steel_ stainless steel_ or other suitable metal containers

which are sealed against water and atmosphere. Quantities in excess of ten pounds

will be transported on fork !ift trucks or on the beds of open body trucks. Con-

tainers containing less than ten pounds of alkali metal may be transported in a

passenger automobile, but only with the approval of the Custodian or Safety Specialist.

The only alkali metal which may be transported on any public transportation vehicle

such as a plant bus will be analytical specimens weighing less than one pound.

Quantities of alkali metals weighing less than a pound may be transported in glass

containers which are sealed against water and the atmosphere. Such containers must

be enclosed in a metal container with a tightly fitting lid, such as a paint can.

The glass container must be cushioned with glass wool_ steel wool, or exploded mica

(Vermiculite). Combustibles such as cotton, cloths, wood chips, etc. must not be

used as a cushioning agent.

3.4. Storage and Inventories

3.4.1. Approved Storage Areas. At present there is one approved place of permanent

storage for alkali metals. It is the storage room of Building 309.

3.4.2. Inventories. The total alkali metal inventory consists of that which is

stored in Building 309 and those quantities which are in use o_ being kept temporarily

at various approved locations. These approved locations, the quantities permitted in

each,and the conditions governing storage and use are indicated in the following

paragraph.
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3.4.2.1. Permissible Quantities and Approved Locations. The locations where alkali

metals may be used and stored_ the quantities permitted in each_ and the conditions

governing storage and use are determined by consideration of probable damage to

equipment. These regulations have been formulated in accordance with the desires of

the insurance company involved_ and a failure to follow them could result in a

considerable increase in insurance rates.

Approved locations and permissible quantities are shown in the table

in Appendix B of this specification.

3.4.2.2. Periodic Checking of Inventories. The Alkali Metal Custodian will_ at

quarterly intervals_ take an inventory of all alkali metals. This inventory will

verify the Surveillance Records and determine whether or not there are cases of

non-conformance with the procedures specified herein.

I
I

I

3.4.3. Containment Vessels. Alkali metals weighing more than one pound must be

stored in metal containers, sealed against atmosphere and water; the containers to

be fabricated from a metal which is resistant to attack by the contained alkali

metal; i.e._ steel or stainless steel. Stainless steel packless valves with corro-

sion resistant bellows or diaphragms should be used. Such containers,excluding vendor

shipping containers_ should be welded in accordance with 03-0014-00-A and leak-checked_

prior to use_ in accordance with G3_O013-O0-A or MIL-STD-271C (Ships). The require-

ments for vendor shipping containers will be found in the applicable Materials

Specifications.

I
I

I

I
I

I
I

I
I

Glass containers should; in general; be avoided for the storage of alkali metals.

However_ quantities weighing less than one pound may be stored in glass containers

which are sealed against the atmosphere and water. Such containers must be packed

carefully in a cushioning material such as glass wool_ steel wool or Vermiculite

inside of a steel container which has a tightly fitting lid_ such as a paint can.

All supply containers (such as shipping containers) must be labelled. The label should

indicate the alkali metal_ the Material Designation Number which appears on the

Surveillance Record_ the original requestor, the tare of the container_ the amount of

alkali metal remaining, the name of the person who determined the amount remaining,

and the date of the determination. Such labels must be protected so that they are not

defaced during handling and storage.

3.5. Purification. Purification procedures will differ for different alkali metals

and for different facilities. Consequently, the approved purification procedures

have been written up as separate specifications. These specifications are listed in

paragraph 2.2. of this specification; for example_ 01-0034-00-B gives the approved

procedure for hot trapping potassium.

3.5.1. Waiver of Purification Specifications. Under certain circumstances it may

be possible to waive a certain purification specification or a portion thereof or

to modify it. Such changes can be made only with the approval of the Alkali Metal

Custodian_ and must be documented on the Surveillance Record before the material is

approved for use.
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3.6. Chemical Analytical Methods

3.6.1. Methods for Determining Oxygen in Alkali Metals

3.6.1.1. The Amal_amation Method for Oxygen In Potasslum_

Table of Contents

3.6.1.1.1. Introduction

3.6.1.1.2. Mercury Purification

3.6.1.1.2.1. Cleaning Procedure

3.6.1.1.2.1.i. Preliminary Cleanup

3.6.1.1.2.1.2. Oxide Removal

3.6.1.1.3. Amalgamation Analytlcal Apparatus

3.6.1.I.3.1. Vacuum System

3.6.1.1.3.2. Inert Gas Purification System

3.6.1.1.4. Equipment Preparation

3.6.1.1.4.1. Extrusion Sampling

3.6.1.1.4.1.1. Extruder Sample Preparation

3.6.1,I.4.1.2. Cutter Preparation

3.6.1.1.4.1.3. Flask Preparation

3.6.1.1.4.1.4. Stirring Bar Preparation

3.6.1.1.4.1.5. Waste Boat Preparation

3.6.1.1.5. Apparatus Assembly

3.6.1.1.5.1. Assembly

3.6.1.1.5.2. Outgassing

3.6.1.i.5.211. Inert Gas Operation

3.6.1.1.5.2.2. Vacuum Operatlon

3.6.1.1.6. Analytical Procedure

3.6.1.1.6.1. Inert Gas Operation

3.6.1.1.6.1.1. Extrusion Sampling - Sodium and Potassium

-362-
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3.6.1.1.6.1.2.

3.6.1.1.6.1.2.1.

3.6.1.1.6.1.2.2.

3.6.1.1.6.1.3.

3.6.1.1.6.1.4.

Liquid Sampling - Sodium_ Potassium and NaK

Liquid Sampling Apparatus

Liquid Sampling Procedure

Sample Amalgamation

Extraction of the Alkali Metal from the Mercury

I
I

I

3.6.1.1.6.1.5. "Oxide" Residue Removal

3.6.1.1.6.1.6. "Oxide" Residue Analysis

3.6.1.1.6.1.6.1. Titrimetric Analyses

3.6.1.1.6.1.6.1.1. Titration Apparatus

3.6.1.1.6.1.6.1.2. Titration Procedure

I 3.6.1.1.6.1.6.1.3. Titration Calculation

3.6.1.1.6.1.6.2. Flame Photometric Analysis

I
I
I

I

I
I

I
I
I

I

3.6.1.1.6.1.7. Sample Weight Determination

3.6.1.1.6.2. Vacuum Operation

3.6.1.1.1. Introduction. The amalgamation method for oxygen in alkali metals

consists of amalgamating the alkalilmetal with the mercury and allowing the insoluble

"oxide" to separate from and float to the top of_the amalgam_ after which the "oxide"

quantity is determined by titrimetric or flame photometric techniques. As with other

analytical methods, the results produced by the amalgamation method are influenced by

the specific techniques, apparatus and conditions used in employing the method.

Consequently, the detailed procedures used in conducting the various operations

involved in employing the method, as well as the equipment used, is presented as
follows.

3.6.1.1.2. Mercury Purification

3.6.1.1.2.1. Cleaning Procedure. The initial amalgamation reaction involves one

to five grams of alkalimetal and about 1000 grams of mercury. The mercury, there-

fore, must be free of reducible oxides as well as sodium or potassium oxides if the
amalgamation method is to give an accurate indication of the oxygen conCent of the

alkali metal.

3.6.1.1.2.1.1. Preliminary Cleanup. The mercury is washed with hydrochloric acid
and then drained through a separatory funnel to remove the acid. It is then washed

with water and drained through a separatory funnel to remove the film coating the

mercury and the water. This step is repeated until the mercury surface is free of
surface film. Acetone is added to the drained mercury to remove the traces of water,

using the separatory funnel. The mercury is drained into hexane and then into a dry

separatory funnel. This washing process cleans the mercury of alkali metal salts,

water, grease and other impurities.
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3.6.1.1.2.1.2. Oxide Removal. The mercury is purified further by oxidizing the

other metallic species in the mercury and then mechanically separating these oxides

from the mercury by floatation and filtration. The apparatus used for this

Bethlehem ox!fier. The mercury is agitated in a revolving container for four hours

with warm air bubbling through the mercury to oxidize the impurities.

oxide mixture is then allowed to sit in a separatory funnel for at least twenty-four

hours during which the oxidized materials float to the top. The pure mercury is then

drained from the bottom of the funnel through a gold-adhesion.filter into a clean

polyethylene bottle and stored for later use.

3.6.1.1.3. Amalgamation Analytical Apparatus. The apparatus used in employing the

amalgamation method is shown in Figures 3.6.1.1. and 3.6.1.2. The basic components

of the apparatus are:

a. a stainless steel extruder or a liquid sampling reservoir

b.. an amalgamation reaction flask

c. a mercury supply reservoir

d. a stainless steel cutter assembly

e. a vacuum-argon manifold

f. a cold trap

g. a titanium boat to accept the waste sample

h. a nickel stirring bar and magnet
I

i. Viton O-ring seals I

A sketch of the extruder is shown in Figure 3.6.1.3. All components are of stainless

steel with Viton O-ring seals
|

The liquid sampling reservoir and transfer system is shown in Figure 3.6.1.4. I

3.6.1.1.3.1. Vacuum System. The vacuum system shown in Figure 3.6.1.1. consists

of a Welch Duo-Seal roughing pump and a VEECO model VS-9 pumping system, which

includes m air-cooled, oil diffusion pump and optically dense cold trap.

3.6.1.1.3.2. Inert Gas Purification System. The aEgon or helium used passes through

a molecular sieve dryer (Linde type 13X) and a 1500UF hot trap containing titanium

chips.

3.6.1.1.4. Equipment Preparation

I

I

I
3.6.1.1.4.1. Extrusion Sampling. An analytical sample of solid sodium or potassium

is obtained by extruding the metal into the reaction section with the extruder

system shown in Figure 3.6.1.3.j and shown attached to the reaction assembly in

Figures 3.6.1.1. and 3.6.1.2.

The extruder is designed to accept 0.5-inch outside diameter tubing only. The

plunger diameter is 0_437 inch and requires that 20-mil wall tubing be used. The

minimum sample tubing length is 12 inches if Swagelok fittings are used to seal

the ends.
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Figure 3.6.1.1. Vacuum-Inert Gas Amalgamation Apparatus Showing Vacuum 
System. (~64041572).  -365- 
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Plunger Screw
Drill Rod - Rc 37

Extruder - Upper Portion

Stainless Steel - Rc 45

Flared End 1/2" Tubing

O-Ring Seal Uses
Parker No, 2-112

Plunger - 0.437" Drill Rod

Extruder - Lower Portion -

Stainless Steel

--Sample Tube - 1/2" OD

0.020" Wall Thickness

Groove for Seal to

Apparatus - uses Parker

No. 2-127

Figure 3.6.1.3. Alkali Metal Sample Extruder.
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DATE
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Notes:

1.

o

3.

Viewport, High Vacuum

OFHC Copper Gasketed

Vicon and Bellows Sealed

VEECO V_ Valve

t I
Sample Tube
Flush Reservoir

All parts austenitic stainless

except viewport_ Viton and

copper gasket.

All SS connections TIG welded.

Drawing not toscale.

m

I

I

J
[-

I

Beilows

3/8" Conoseal• Tube _nton_
Female

1
To Vac-Inert Gas Manifold

_Sample Tube

_Modified Hoke HY441 Valve

or TY445 Valve

!/2" Conoseal Tube Union_ Female_

To Fit Sample Source Or
Amalgamation Apparatus

I

I
I
I
I

I
I
I
I
I
I

Figure 3.6.1.4. _Ikall Metal Sampling Reservoir,
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3.6.1.1.4.1.I. Extruder Sample Preparation. One end of the sample tube is cut off
with a tubing cutter as close to the S_agelok fitting as possible. This end of the

tube is inserted into the bottom of the lower portion of the extruder and pushed up

through the top. The O-ring (see Figure 3.6.1.3.) is placed over the tube, a small

amount of alkali metal is removed_ and the tube end is flared. The upper portion of

the extruder is then screwed into place_ forcing the flared tubing to seal against

the top of the O-ring. Plunger(s) and plunger screw are then loaded and lowered

until the potassium is contacted. The tube end protruding from the bottom is then

cut off 2.7 cm below bottom of the lower position of the extruder. The extruder

assembly is then attached to the reaction section of the analytical apparatus with a

clamped O-ring joint.

3.6.1.1.4.1.2. Cutter Preparation. As shown in Figure 3.6.1.2., the cutter assembly

is attached to the large glass O-ring fitting of the reaction flask. The cutter

moves via a bellows for cutting samples and is positioned to place the cutter wire

over the waste boat. The cutter wire is cleaned with water, hydrochloric acid, water 3

acetone, and air-dried_ in this order. The cutter wire is heated by infrared :!_ps

immediately prior to assembly.

3.6.1.1.4.1.3. Flask Preparation. The reaction flask is flushed thoroughly with

hexane to remove all traces of mercury and grease. The flask is then washed in a

"Sparkleen" solution_ rinsed in water_ then acetone_ and then oven-dried. The

stopcock is turned in with Apiezon "N" grease.

3.6.1.1.4.1.4. Stirring Bar Preparation. The nickel stirring bar is washed with

nitric acid to remove mercury_ rinsed with water, washed with hydrochloric acid,

water, and acetone_ and then dried in an oven.

3.6.1.1.4.1.5. Waste Boat Preparation. The titanium boat is cleaned of potassium

waste metal, rinsed in hydrochloric acidj water_ and acetone_ and then oven dried.

3.6.1.1.5. Apparatus Assembly

3.6.1.1.5.1. Assembly. Referring to Figures 3.6.1.1. and 3.6.1.2._the apparatus
is assembled as follows:

a. Attach the cold trap to the vacuum-argon manifold with inert gas flowing.

b. Insert the nickel stirring bar and titanium waste boat in the reaction

flask and connect the reaction flask to the cold trap. The reaction flask must

also be supported_as shown in Figure 3.6.1.1.

c. Install the extruder_ containing the sample tube, on the reaction flask.

d. Attach the mercury reservoir to the reaction flask as shown in Figure 3.6.1.2.

Support the mercury reservoir so that undue stress is not placed on the glassware.

e. Connect the cutter system to the reaction flask and check to see that the
cutter can be positioned over the titanium waste boat.

f. Attach the amalgam receiver flask to the bottom of the reaction flask and

support it with a lab jack.

g. Turn off the inert gas flow and evacuate the apparatus to begin outgassing.

If leaks are suspected_ find them with acetone and eliminate them.
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. _. Attach heating tapes and/or heating jackets to the apparatus in preparation

for outgasstng,

3.6.1.1.8.2. Outgassin_. Referring to Figure 3.6.1.2., the glassware is heated by
flaming with a gas burner to de-gas the interior surfaces of the flask and cold trap.

The bellows and flange on the cutter assembly are heated by heat lamps. Due to the

presence of solid alk8li metal in the extruder, the outgassing temperature is limited

tO a temperature below the melting point of the metal to avoid melting it out of the

Simple tube.

PAoe z4 OF I °

.o. ]!
I
I
I

3.6.1.1.5.2.1. Inert Gas Operation. For conduction of the analysis under inert gas,

the s_tem is outgassed until the pressure at the ion gauge shown in Figure 3.6.1.2.
18 I0 tort maximum whlle the system is cold. The pressure of 2-5 x 10-- torr is

usually achieved within two hours.

3.6.1.1.5.2.2. Vacuum Operation. For analyses under vacuum, the system _s outgassed

until the pressure is 2 x i0 _7 torr maximum and the pressure rise rate is less than

0.5 micron-liter per hour. This requires 24 to 48 hours of outgassing.

3.6.1.1.6. Anal_tical Procedure

3.6.1.1.6.1. Inert Gas Operation. When conducting the amalgamation analysis under
inert gas, the cold trap between the analytical apparatus and the vacuum-inert gas

manifold is put into use while the apparatus is cooling down after bakeout. (See

Figure 3.6.1.1.). If argon is to be used, the cold trap is cooled by a dry-ice- R

acetone mixture or with liquid nitrogen if helium is to be used as the co_er gas. With
the cold trap in operation:and the ion gauge indicating less than 5 x 10 torr

pressure, the analytical apparatus is backiflled with inert gas to a pressure which •

exceeds atmospheric pressure by about 1/2 psi or one inch of mercury. |

I
I
I

I

3.6.1.1.6.1.1. Extrusion Samplln_ - Sodium and Potassium.

sample is obtained from the extruder as follows:

a.

b.

Ce

d.

The solid alkali metal

The cutter wire is positioned to the left of the sample tube.

About 1/2 inch of metal is extruded from the tube and cut off even with

the end of the tube.

This waste piece is then positioned over and melted off into the waste

boat by infrared heat lamps or resistance heating of the cutter wire.

The cutter is repositioned to the left of the sample tube, another 1/2-

inch of metal is extruded, cut and melted into the waste boat.

I
I
I
I

e. The cutter is reposftioned to the left of the sample tube and the sample

for analysis is extruded. The sample size is normally varied between 1 and

5 gms. or 3/4 to 3 3/4 inches long. The longer samples must be cut off in

small pieces which are dropped individually into the reaction flask.

f. The sample is cut, positioned over the center of the reaction flask, and

melted off the wire into the bottom of the flask.

3.6.1.i.6.1.2. Liquid Sampling - Sodium_ Potassium and NaK. For obtaining liquid
ssmples; the reservoir shown in Figure 3.6.1.4. or a NaK container is connected to

the analytical apparatus instead of the extruder.

' 370.
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3.6.1.1.6.1.2.1. Liquid Sampling Apparatus. Figure 3.6.1.5. shows the apparatus used

in obtaining a liquid sample. The liquid container is attached to the transfer line

by a Conoseal, Swagelok or equivalent connector. The waste boat is positioned over

the reaction flask and the cutter is placed to the right of the waste boat.

I

I
I

I
I

I
I

I
I

I

3.6.1.1.6.1.2.2. Liquid Sampling Procedure. For sodium and potassium, the sampling

reservoir must be heated to melt the metal. Sodium should be heated to 300°F plus or

minus 10°F, and potassium should be heated to 200°F plus or minus 10°F. A one-hour

residence time at the recommended temperature has pro_¢en ladequatel to: equilibrate :the

:syStem and : _rovide a homogeneous liqllid sample. Tl_e sampling: pro_e4ure i:s as: follows:

a. Open the valve on the reservoir (see Figure 3.6.1.4.) or the NaK container

and flush the transfer line with 1 to 5 gms of liquid metal into the waste boat.

b. Push the waste boat to the left with the cutter rod until the transfer line
outlet can see the bottom of the reaction flask.

c. Secure the cutter rod so that liquid does not touch it while taking the

sample.

d. Add the sample to the reaction flask dropwise_ again using 1 to 5 gms of
metal, using the same valve used to control the flushing of the transfer line.

e. Allow sodium or potassium samples to cool and solidify before proceeding with
the analysis.

3.6.1.1.6.1.3. Sample Amalgamation. The sodium, potassium or NaK sample should be

amalgamated with the mercury as follows:

a. Introduce mercury into the reaction flask slowly (to avoid smoking) until 40

ml of mercury have been added.

b. With solid potassium samples_ heat the mercury gently until the metal begins

to melt on top of the mercury_ and then react the metal with the mercury by gentle

manipulation of the sitrring bar. AVOID A VIOLENT REACTION of potassium with mercury

by exercising care in heating the mercury.

c. With sodium or NaK samples the amalgamation reaction is instantaneous and

quite vigorous. For these metals it is not possible to float the material on top of

the mercury. Therefore, the mercury is added in small increments until no further

smoking occurs and then heated gently without agitation until the reaction is complete,

as evidenced by no detection of solid metal with the stirring bar.

I

I
I

I
I

3.6.1.1.6.1.4. Extraction of .the Alka/j Me:t:at_from the Mercury

a. Drain the initial alkali metal-rich amalgam from the reaction flask into

1N Hal until 1 to 2 ml of amalgam remain in the reaction flask. The quantity of HC1
needed will depend on the sample weight and should be in excess of that needed to

convert all the free alkali metal to the chloride°

b. Add 20 ml of mercury to the reaction flask, heat gently to about 150°F and
clean all metal droplets or particles from the flask walls with the nickel stirring
bar.

c. Again drain the amalgam into the 1N HC1 used in (a) above_ leaving 1 to 2 ml.

d. Repeat steps (b) and (c) three more times; however_ on the last extraction,
the amalgam (mercury) is drained into 1 to 2 ml of distilled water containing 1 to 2

drops of phenolphthalein. If no red color results, it is assumed that all free alkali
metal has been extracted from the reaction flask.
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3.6.1.1.6.1.5. "Oxide" Residue Removal. The "oxide" residue is then extracted from

the reaction flask wlth distilled water of known pH and known volume. The water is

sprayed over the interior walls of the flask and the stirring bar is used also to

scrub the walls with water.

3.6.1.1.6.1.6. "Oxide" Residue Analysis. The residue solution is analyzed for

oxygen content by both titrimetric and flame photometric methods.

3.6.1.1.6.1.6.1. Titrimetric Analyses

3.6.1.1.6.1.6.1.9. Titration Apparatus. Most analyses of alkali metals for oxygen

by the amalgamation method are done on reasonably pure or purified metal. Thus the
oxygen quantities normally found are small and require micro-techniques to obtain

accurate titration data. The titration equipment used is described as foll0wsi: .... :

The acid is added to the solution being tttrated via a micro-buret syringe made by

the Micro-Metric Instrument Co. The syr_flge has a volume displacement of 0.5 micro-

liter of solution per each 0.001 inch of plunger travel and a total capacity of
0.5 ml of acid.

The syringe is operated by a Bird Kymograph which has speeds of 1_ 0.2, 0.004_ 0.008

and 0.0016 inch per minute.

The pH of the solution is measured by a Leeds and Northrup pH lndicator_ catalog No.

7664, which is connected in series to a Brown recorder where a trace of pH vs. time

is recorded during the titration.

The solution being titrated is agitated with a Teflon covered stirring bar rotated

by a magnetic stirrer.

3.6.1.1.6.1.6.1.2. Titration Procedure. The titration procedure is as follows:

a. The pH of the water used to extract the residue is first measured and the
recorderis standardized.

b. The micro-buret syringe is filled with 0.0125 N HC1 normally, although

stronger acid may be used when the oxide content of the residue is high.

c. The acid transfer tube and the pH electrodes are washed thoroughly with

distilled water, then immersed in the residue solutionj and the stirrer is turned
on.

d. The recorder and Kymograph are actuated simultaneously and acid is added

to the solution until the pH decreases to below the pH of the extraction water.

e. The pH vs. time trace is removed from the recorder and the oxygen content
of the residue solution is calculated.

3.6.1.1.6.1.6.1.3. Titration Calculation. The oxygen content of the residue

solution is calculated as follows: The determination of the oxygen content is

based on the following two equations, using potassium monoxide as the example:

K20 + 2HCI"-"_2KC1 + H20 (1)

K2C0 3 + 2HC1--_2KC1 + H20 + CO2 (2)
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From equation (I), one atomic weight of oxygen will react with two moles.of HCL From

equation (2), one atomic weight of oxygen as K20 from K2CO 3 will react with two moles

of HCf. Thus, although the carbonate may be present, the calculation of the oxygen

is based on K2 O plus K20 from K2CO3.

Therefore, the oxygen amount is calculated as follows:

8 gms 0 moles HCI(N) = gms O (3)
(_'moles HCI x liters HCI x liter

I
I

I
where N = normality (usually 0.0125N or 0.125N HC1)

To determine the volume of HC1, the following formula is employed:

Cx I xTxS (4)
: " liters HC1 =
" 1000

where: C =

I =

recorder chart speed, minutes/inch

distance between points on chart where pH is that of residue

extraction water, inches

microburet plunger speed, Inches�minute

microburet volume displacement, milliliters/inch

I
I

I
I

Inserting equation (4) into equation (3) gives:

::'_ gins 0

Therefore:

= 0.008 x C x I x T x S x N .......(5)

0.008 x C x I x T x S x N x 106
ppm 0 =

sample weight, gms

(e)

3.6.1.1.6.1.6.2. Flame Photometric AnalTsi _. An alternate method of measuring the
amalgamation residue makes use of flame emission photometry. Any commercial flame

photometer capable of isolating and measuring the appropriate line emission of the

alkali metal of interest may be used. The Beckman DU Spectrophotometer has been

found to be quite satisfactory for this purpose. The general flame analytical
procedure is as follows:

a. Calibration curves are prepared over various concentration ranges of NaC1

and KC1 in the distilled water used for residue extraction. The spectrographically

pure NaC1 and KC1 used in making the known standard solutions are obtained from

Johnson, Matthey & Co., Limited in London, England.

b. The total potassium and sodium contents of a given residue extraction

solution are then determined by transmission measurements, and the calibration curves
are based on known standards.

c. The assumption is then made that all potassium and sodium were originally
present sS monoxide and the oxygen contents are calculated on this basis.

I

I
I
I
I
I
I
I
I
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3.6.1.1.6.1.7. Sample Weight Determination. The sample weight is determined by back

titration of the acid solution produced by the reaction of the alkali metal amalgam

with the IN HCI as described in 3.6.1.1.6.1.4. The end point indicator used is

phenolphthalein. IN NaOH is used for the back titration. The sample is determined

from the following formula:

I Sample weight_ grams = (ml HCl-ml NaOH) (mol. wt. of alkali metal)

I000

I

I
I

!

I
I
I

I

3.6.1.1.6.2. Vacuum Operation. For vacuum operatlon, both cold traps shown on the

apparatus in Figure 3.6.1.1. are cooled with liquid nitrogen. Otherwise, the

analytical technique is the same as for inert gas with a few minor differences. The

vacuum amalgamation technique has been shown to be capable of producing results for

oxygen in potassium which compare fairly well with results obtained on similar samples

by the amalgamation procedure run under inert gas; however_ the vacuum technique does

present the following problems. Mercury is deposited in the upper, colder regions of

the reaction flask_ making post-analytical cleanup a greater problem. The amalgamation

reaction also tends to be more violent under vacuum. Any alkali metal hydrides may

be partially decomposed at the amalgamation temperature under vacuum.

3.6.1.2. Determination of Oxygen in Lithium

3.6.1.2.1. The Fast Neutron Activation Method. At present the fast neutron activation

technique Is the only approved method for determining oxygen in lithium metal, and the

omuly approved analytical laboratory is Activation Analysis Service, General Atomic

Division_ General Dynamlcs_ P. O. Box 608, San Diego, California 92112.

3.6.1.2.1.1. Specimen Preparation. Specimens of lithium metal should be obtained

as described in Sections 3.7.3.1._ 3.7.4.1.1. and 3.7.4.2. of this specification.

The stainless steel sample tube should be capped tightly with stainless steel Swagelok

(or equivalent) caps prior to shipment.

3.6.1.3. Determination of Oxygen in Rubidium. Same as Section 3.6.1.2.

3.6.1.4. Determination of Oxygen in Cesium. Same as Section 3.6.1.2.

I

I
I

I
I

I

3.6.2. Preparation of Samples for Determination of Metallic Impurities in Alkali

Metals.

3.6.2.1. Sodium 2 Potassium and NaK. Spectrographic analysis of potassium, sodium,

or NaK for metallic impurities is done on the chloride salts of the alkali metals.

The chloride salts are prepared as follows:

a. A platinum dish is cleaned by melting potassium pyrosulfate in the dish with

agitation to assure that the entire platinum surface is contacted by the molten salt.

The residue is then washed from the dish with distilled water and oven-dried at 100-

120°C.

b. The alkali metal sample (1-2 gms) is then introduced into the clean platinum

dish. The metal may be extruded_ cut and placed in the dish as a solid, or it may be

introduced in liquid form. In any case_ the method of placing the metal specimen into

the dish should be such that no metallic contaminants are added to the sample.
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c. Cover the alkali metal sample with spectroqualtty hexane (DO NOT USE PRACTICAL

GRADE HEXANE), and add absolute ethanol to the hexane until the alkali metal is

converted to the ethoxide. FACE SHIELD AND GLOVES SHOULD BE USED DURING DISSOLUTION

OF THE METAL FOR PERSONNEL PROTECTION.

d. Add concentrated reagent grade HC1 to the ethoxide-ethanol-hexane solution

dropwise to convert al_ ethoxide to the chloride. If HC1 is ADDED TOO RAPIDLY_ THE
HEAT OF THE CONVERSION REACTION WILL IGNITE THE FLAMMABLE SOLUTION.

e. Place the chloride solution on a hot plate or steam bath and evaporate to

dryness in a fume hood.

f. Store the resulting alkali metal chloride in a clean glass vial until the

spectrographic analysis is done.

3.6.2.2.

performed on the carbonate, Li 2 CO 3.

a.

b.

c.

d.

Lithium. Spectrographic analysis of lithium for metallic impurities is

The carbonate is prepared as follows:

Same as Section 3.6.2.1. a

Same as Section 3.6.2.1. b

Same as Section 3.6.2.1. c

Add distilled water to the ethoxide-ethanol-hexane solution dropWise to

hydrolyze the ethoxide. Then bubble CO 2 through the solution using a non-contaminating

tube; i.e._ platinum; or cover with CO 2 until the pH of the aqueous solution is

reduced to 8 or 9. Dry ice is a convenient source of CO 2 and is sometimes used to

convert LiOH to Li2CO 3. .... .... '

e. Evaporate to dryness

f. Store in a clean_ dry_ glass vial

3.6.3. Spectrographic Methods for Determining Metallic Impurities in Alkali Metals

3.6.3.1. Potassium

3.6.3.!.!. _ecimeu Preparation. Metallic impurities in potassium metal are usually

determined on the chloride salt of potassium and the impurity levels are reported as

ppm impurity in potassium chloride. The procedure for converting potassium metal to

potassium chloride is described in paragraph 3.6.2.1. of this specification.

3.6.3.1.2. Analytical Procedure. This method provides for the quantitative determina-

tion of 20 impurity elements in'the range 25-250 ppm in potassium chloride prepared

from potassium metal. The method can also be used for obtaining a semi-quantitative

estimate of the 20 impurity elements in the range 1-25 ppm by varying conditions as

outlined below.

3.6.3.1.2.1.

a.

b.

c.

Apparatus and Reagents

do

I
I
I

!

I

I
I
I
I

I
I
I

!
Jarrel-Ash 3.4-meter Wadsworth Mounting Spectrograph

Excitation Source_ NSL Spec- Power B

Neutral Density Filter, Steps % Transmission, 100-64.3-42.5727.0-17.5-11.3-7.1.

Comparator microphtometer_ Jarrell-Ash Model SA-200, B
I

9:_6 !
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e. Photographic plate processing unit_ NSL Spec. Processor,

f. Spectrographically pure KC1

g. Spectrographic Standardsj Jarrell-Ash Master SQ powder standards,

h. Graphite Electrodes,

3.6.3.1.2.2. Preparation of Standard Curves. Spectrographic Standards for establish-

ing analytical curves are prepared by mixing Jarrell-Ash "Master SQ Standards" with

spectrographically pure KC1. Fifteen milligrams of standards containing from 25 to

250 ppm of the impurities of interest are weighed directly into graphite cup electrodes.

The loaded electrodes are dried at 115°C for 30 minutes. The dried_ loaded electrodes

are stored in a dessicator until arced. Details of the analytical apparatus and

operating parameters are summarized in Table 3.6.3.1. Using the established conditions_

the samples are arced for the designated times and the spectra recorded on photographic

plates.

TABLE 3_6.3.1.

Spectrograph

Wavelength Range_ A

Sllt Width,._

Sllt Height_ mm

Filter

Excitation Source

DC Amps

Electrodes

Sample
Counter

Analytical Gapj mm

Gas Mixture to Stallwood Jet

Flowrate; SCFH

Exposure
Pre-Burn

Exposure

Emulsion

APPARATUS AND CONDITIONS

Jarrell-Ash 3.4 m Wadsworth

2400-4250

3O

2.8

Neutral densityj steps %T_ 100-64.3-
42.5"27.0-17.5-11.3-7.1

NSL Spec-Power

8.0

UCP-105-S

UCP-2615
4

50-50 Argon-Oxygenj Burdett Oxygen Co.
8

None

Total Burn

Kodak: SA-I_ developed in D-19 for
4 minutes at 68°F

Intensity ratios based on the 3446.72PA line of potassium are determined for the

standards using the comparator-microphotometer and a Seidel calibration curve. The

analytical line pairs for each of the elements of interest are given in Table 3.6.3.2.

The final analytical curves are obtained by plotting the intensity ratios against
impurity concentration on semi-log scales.
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TABLE 3.6.3.2. I
ANALYTICAL LINE PAIR_

FOR THE IMPURITY ELEMENTS SOUGHT
I

Element Element

Element Line:A a Element Lin_A a_

Boron 2497.733 Sodium 3302.323

Manganese 2801.064 Silver 3382.891

Magnesium 2852.129 Zirconium 3391.975

Lead 2833.069 Cobalt 3405.120

Silicon 2881.578 Nickel 3414.765

Iron 3020.640 Chromium 3605.333

Vanadium 3102.299 Titanium 3635.463

Molybdenum 3132.594 Alumlnum 3961.527

Tin 3175.019 Calclum 3968.468

Copper 3247.540 Columblum 4058.938

I
I
I

I
!

i

apotassium internal standard line 3446.722 A with filter, 11.6%T.
I

Impurity levels below 25 ppm yield lines of very low intensity and it is not practical

to establish analytical curves for impurities below 25 ppm.

3.6.3.1.2.3. Analysis of Samples. Fifteen milligram samples of potassium chloride
which have been converted from potassium metal according to the procedure detailed in

3.6.2.1. of this specification are loaded into graphite cup electrodes. The loaded
electrodes are dried for 30 minutes at 115°C and stored in a dessicator until arced.

The conditions for burning the unknown samples are identical to the conditions used

to establish the analytical curves. Three exposures are required for each sample.

3.6.3.1.2.4. Calculations

a. Determine the average per cent transmission of the three exposures for each

analytical line of interest.

I

I
I
I

he

prepared standard curve.

Determine the concentration of each element based on KC1 from the simultaneousll

NOTE: For impurity levels from 1-25 ppm a semi-quantltative estimate of impurity

concentration is possible by visually comparing llne intensity of low level standards.

This method should have an accuracy of ±5 ppm. Table 3.6.3.3. shows the detection

llmlts and analytical line pairs for low level impurities.

I

I

I
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TABLE 3,6_3,3.

SENSITIVITY OF DETECTION OF ELEMENTS IN POTASSIUM (AS CHLORIDE)

Element Line Observed, A Minimum Detected Amount

Mg 2802.70 "( 1

M_ 2794.82 < 1

Cr 4254.35 41

Sn 2863.33 1

Si 2516.12 _ 1

Ti 3653.50 1

A1 3082.16 _ 1

V 3102.30 5

Cu 3247.54 _ 1

Ag 3280.68 _ 1

Co 3405.12 1

Ni 3414.77 1

Zr 3601.19 5

Pb 3639.58 5

Mo 3902.96 <i

Ca 3933.67 <I

Cb 4079.73 1

B 2497.73 5

Fe 3719.94 1

Na 3302.99 1

Ba Not detected up to 25 ppm

3.6.3.1.2.5. Precision and Accuracy. In order to evaluate the accuracy and precision

associated with the method 3 a 100 ppm standard was prepared by mixing a Jarrel-Ash

Master SQ standard with pure KC1. This standard was arced 4 times under the prescribed

conditions and per cent standard deviation was calculated for each element of interest.

These data are summarized in Table 3.6.3.4.

3.6.3.2. Sodium

3.6.3.2.1. Specimen Preparation. See paragraph.3.6.2,1, of this specification.

3.6.3.2.2. Analytical Procedure. This method is under development_ but will be

essentially the same as for potassium (See paragraph 3.6.3.1.2.). Until such time

that the method is established_ samples may be analyzed by Nuclear Materials Equipment

Corporation_ Apollo_ Pa.

3.6.3.3. Lithium

3.6.3.3.1. Specimen Preparation. Metallic impurities are determined in lithium

carbonate prepared from the lithium metal: and the impurity levels are reported as

ppm in Li2CO 3. The technique used to prepare the llthium carbonate is described in

paragraph 3.6.2.2.
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TABLE 3.6.3.4.

PRECISION AT 100 PPM LEVEL

Per Cent Per Cent

Standard Standard

Element Deviation* Element Deviation

Boron ± 49.9 Sodium ± 32.6

Magnesium ± 7.7 Silver ± 17.1

Manganese ± 7.3 Cobalt ± 7.5

Lead ± 9.3 Nickel ± 13.4

Silicon ± 25.0 Chromium ± 13.2

Iron ± 15.9 Zirconium ± 11.6

Vanadium ± 25.5 Titanium ± 6.2

Molybdenum ± 12.2 Aluminum ± 38.4

Tin ± 15.5 Columbium ± 8.4

Copper ± 22.1 Calcium ± 50.0

Per cent Standard Deviation in this method is calcu_ ted as

follows:

% Std. Dev 100 -y / _ d 2" - C x n - 1

Where: C = Average concentration in ppm

d = Difference of the determination from the mean

n = Number of determinations
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3.6.3.3.2. Analytlcal Procedure. This method Is under development 3 but will be

essentially the same as for potassium (see paragraph 3.6.3.1.2.). Until such time

that the method is establishedj samples may be analyzed by Nuclear Materlals Equipment

Corporation, Apollo_ Pa.

3.6.4. Analytical Methods for the Determination of Nitrogen in Alkali Metals. These

methods are under development. Until such time that methods have been established

samples may be analyzed by Ledoux and Company, Teaneck; New Jersey or by Mine Safety

Appliance Research, Callery, Pennsylvania.

3.6,5. Analytical Methods for the Determination of Carbon In Alkall Metals. These

methods are under development. Until such time that methods have been established

samples may be analyzed by Ledoux and Company3 Teaneck, New Jersey or by Mine Safety

Appliance Researchj Callery, Pennsylvania.
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3.7. Alkali Metal Sampling

3.7.1. Sampling objectives. The general objective sought in an alkali metal sample I

is the homogeneous, representative, uncontaminated specimen which can be analyzed as

accurately as possible for the desired impurity(s) concentration. Specifically, the

objectives of this sampling specification are: i

a. To indicate the sampling criteria for obtaining alkali metal specimens to

be analyzed for oxygen, carbon, nitrogen and metallic impurities i1

b. To specify types of apparatus which can be used for taking samples

c. To present semi-detailed procedures for sample taking I

3.7.2. Sampling Criteria

3.7.2.1. For Oxygen Analysis
!

a. When sampling high purity metal under inert gas, the purity of the gas must

he such that the contamination of the sample by the gas does not exceed 1 ppm oxygen

as the monoxide.

b. When sampling high ?urity metal under vacuum, the pressure rise rate of the

sampling system must be such that the contamination of the sample thexefrom does not

exceed 1 ppm oxygen as monoxide.

c. When sampling liquid sodium or potassium with a suspected oxygen concentration

higher than the solubility for oxygen of the metal at its melting point, it is recom-

mended that the specimen be obtained horizontally if the analytical specimen is to be

sampled later as a solid. Regardless of the Sampling position used for this grade

of metal, the entire sample should be analyzed and the results averaged to off-set

possible uneven distribution of oxygen in the sample. Sampling temperature should

be high enough to dissolve all oxide present in the metal source.

d. The transfer lines between the alkali metal source and the sampling system

should be flushed with a quantity of metal twice the volume of the transfer llne

before sampling. The sample tube should be flushed with a quantity of metal twice

the volume of the tube after the transfer line has been flushed.

e. All samples should be transferred and taken in austenitic stainless steel or:

other material which does not interfere with the analytical procedure and results.

f. Where high accuracy is not required or under other conditions where all the

previously stated criteria cannot be met, the criteria may be waived with the

approval of the person responsible for control and measurement of alkali metal purity

(the Alkali Metal Custodian).

3.7.2.2. For Carbon Analysis. The essence of the criteria indicated for oxygen

samples applies to samples to be analyzed for carbon except that such species as CO

or CO 2 or other compounds which would contaminate the sample should not be present
in the sampling system to the extent that 1 ppm carbon contamination of the sample

would occur.

3.7.2.3. For Nitrogen Analysis. The essence of the criteria presented in paragraph

3.7.2.1. applies to samples for nitrogen analysis except that nitrogen or its

compounds should be excluded from contact with the sample so that contamination by

nitrogen does not exceed i pDm nitrogen.
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3.7.2.4. For Metallics Analyses. The criteria by which samples shoul_ be obtained

for metallic analyses by spectrographic techniques include:

a. Samples with oxygen content greater than 100 ppm should not be taken in
O

austenitic stainless steel at temperatures in excess of 500 F if _1_: concentrations

of the elements in the sample tubing are desired, since corrosion of the austenitic

stainless Steel tubing could occur at higher temperatures.

b. Conversion of sodium_ potassium or NaK to their chlorides should be done in

a freshly pyrolyzed (potassium pyrosulfate) platinum dish with spectroquality hexane_

absolute ethnaol_ and reagent grade concentrated HC1. See paragraph 3.6.2.1.

!

!

!
!

!

!
!

!

!
,

!

!

3.7.3. Sampling Apparatus. The apparatus used for sampling sodium_ potassium and

NaK for oxygen_ carbon and nitrogen analysis can be the same for all three metals

except that NaK must be contained between valves since it is liquid at room temperature.

The sodium and potassium may be introduced into the analytical apparatus in either

solid or liquid form -- the NaK in liquid form only. The solid samples are extruded

the _iquid_:samp_es are taken from a leak-tight container. Thus_ two types of sampling

apparatus are required depending on whether solid or liquid samples are to be analyzed.

3.7.3.1. Apparatus for Solid Samples. Solid samples are obtained by extruding the
metal from austenitic stainless steel tubing or by cutting metal containing sections

from the tubing, For extrusion_ the sample tube must be 1/2-inch outside diameter by
20-mil wall thickness and"atr_teaSt_tO:_nches long. Where sections of tubmng are cut

to obtain the metal sample, the tubing wall thickness is not impovtant_ but the other

dimensions should approximate those used for extrusion samples.

The apparatus system used for obtaining solid samples can be either of two types. The

two types are shown schematically in Figure 3.7.3.1. The apparatus for sampling large
alkali metal sources utilizes a flush container large enough to clear the transfer

line_ and the sampling system is positioned between the source and flush container as

shown.

The apparatus used for small sources utilizes the sampler overflow volume as the

flush container.

For both systems shown in Figure 3.7.32l., all valves from which alkali _etal must be

cleaned are Hoke HY473A angle pattern_ and the connecting fittings are either Swagelok_

Gyrolok_ Conoseal or equivalent type connectors. As shown, both systems are equipped
with argon or helium and/Dr vacuum manifolds for obtaining a pure inert gas atmosphere

or high vacuum for sampling.

3.7.3.2. Apparatus for Liquid Samples. The sampler from which liquid samples will be
introduced into analytical apparatuswill be placed in the same location shown in

Figure 3.7.3.1. for solid samples. However_ the liquid sampling containers must be

completely isolated by valves after the sample is taken, and the valve which must be
attached to the analytical apparatus must be cleanable up to the seat. Figure 3.6.1.5.

shows the type of apparatus from which liquid samples will be taken.

It should be noted that the sampling criteria stated in paragraph 3.7.2. may be more

difficult to meet when liquid samples are used_ since the molten metal will more

actively getter and dissolve contaminants present in the sample container. Therefore_

extreme attention to cleanliness_ o_ co:v_:g_s and[:sa_nvte_ _ubej:: a_l_:r_$'otb_essure

r!s_ _ateunde_vecuumcondit:±ons,:_;_Is_:_n_c_r_ _:_the _amP&e:_si£o be introduced
into the analytical apparatus in liquid form.
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3.7.4. Sampling Procedures. The procedures used in taking samples for analysls will

include preparation of apparatus and the operations required for obtaining representa-

tive samples for quantitative analyses.

3.7.4.1. Sample Apparatus Preparation

3.7.4.1.1. For Extrusion Sampling (Na and K). Referring to Figure 3.7.3.1. the

following operations are required to prepare the sampling apparatus:

a. Degrease and pickle %he sampl.e."'_ub_o_er.floW re_ervO_:and"._onneC:ti_g _ _.".

filttings wi_h 20% HCl::f6r I0 t_ t_Smin_f_s ", r i_s_:w_t_h wat_, acetone and dry.

b. Attach the sample tube and viewport cover to the overflow reservoir.

c. Attach the sampling assembly to the clean Hoke HY437A sampling valve or tee

in the flush line and connect the inert gas-vacuum line to the gas valve on the
reservoir.

-3
d. Evacuate the sampling system to less than 10 torr and leak-check cold to

meet the criteria stated in paragraph 3.7.2.

e. Heat the sampling system to 250-300°F (or higher, if necessary to obtain a

representative sample) and outgas at less than 10 -3 tort until the pressure rise rate

meets the contamination criteria stated in paragraph 3.7.2.

3.7.4.1.2. For Liquid Sampling. Referring to Figure3.6ol.5. 3 the initial preparation

(pickling) of the liquid sampling apparatus will be done as in paragraph 3.7.4.1ol.,

except that this system is designed for high vacuum, high temperature use. The sample
tube proper is welded to the overflow reservoir and to a Hoke H_44I valvi_ oh :i _ o_

the bottom. Thus, pickling and cleanup of the interior surfaces of the system will be
done during fabrication.

Following assembly of this system, a helium leak-check is required with a maximum

leakage of 5 x 10 -10 std. cc/sec of air allowed.

Attach the sampler to the alkall metal source and outgas at less than 10 tort at

the temperature at which the sample will be taken until the pressure rlse rate meets

the previously specified requirements.

3.7.4.2. Sampling Operations. With sampler attached, the sampllng procedure will be
as follows:

a. Flush the transfer llne and sample tube wlth the required volume of metal

at the required temperature. This operation may be done under hlgh vacuum or pure

inert gas for either extrusion or llquld samplers.

b. For extrusion samples, pressurize the sampler to 5 pslg, cool to room

temperature, remove the sampler and cap the end exposed to air.

c. For liquld samples, close the valve on the bottom of the sampler# pressurize

to 5 psig, cool to room temperature and remove the sampler from the source. Clean

the valve on the bottom of the sample tube to the seat as specified in paragraph 3.10.i.
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3.8. Monitoring

3.8.1. Definition. Monitoring, as used in this specification, is the procedure(s)

by which the purity of the alkali metal in use in a system is assured.

3.8.2. Purpose. The purpose of monitoring procedures is to maintain the impurity

concentration levels in the alkali metals below certain specified limits.

3.8.3. Justification. Justification of the effort, time and money required by a

monitoring program is based on the known or suspected deleterious effects which

certain impurities may have on the structural integrity and/or operation of facillties

or equipment using alkali metals as working fluids. Some specific effects due to

contaminants are given below; however, insufficient data are available to ascertain

whether or not certain impurities are harmful, and as a consequence, the overall policy

is to use liquid metals of the highest practical purity in order to avoid the problem

as far as is possible.

3.8.3.1. Deleterious Effects Due to Impurities

3.8.3.1.1. Oxygen. A number of effects have been noted which are due to oxygen

contamination in the alkali metals.

3.8.3.1.1.1. Plugging. When the temperature in a portion of a system drops to a

point where the solubility limit of a dissolved impurity is exceeded, precipitation

will occur and may cause a plug. The oxide may be either the alkali metal oxide or

a more complex oxide such as sodium columbate.

3.8.3.1.1.2. Corrosion. It is known that alkali metals containing oxygen react with

containment materials such as stainless steel, nickel, columhium, etc. and with

titanium and zirconium in a way which may lead to the dissolution or spa11ing of the

metal surfaces. Such attack may weaken the containment material and/or yield particu-

late matter which may plug or abrade various components.

3.8.3.1.1.3. Mass Transfer. The presence of as little as 50 ppm oxygen in sodium has

been associated with the mass transfer of carbon in austenitic and ferritic steel

systems. It is also known that columbium may be transferred as a columbate when oxygen

is present. Stainless steel loops circulating sodium at 650°C show dissolution losses

to be ten times as great at 30 ppm oxygen in sodium as for 5 ppm oxygen in sodium.

3.8.3.1.1.4. Embrittlement. The presence of oxygen may lead to oxygen embrlttlement

in various alloys, especially refractory alloys.

3.8.3.1.2. Carbon. At least two effects have been noted which are associated with

carbon in alkali metals.

g
3.8.3.1.2.1. Carburization. It has been noted that as little as 40 ppm carbon can lead

to very rapid carburization of stainless steels at temperatures in the vicinity of 1200°F

provided there is a source of carbon present. When no source is present, carburization

ceases but the carbon content does not decrease drastically - perhaps to only 20 or

30 ppm. The mass transfer of stainless steel is also increased by the addition of

carbon (i0 to 15 ppm) to sodium.

3.8.3.1.2.2. Reduction of Getter Efficiency. The formation of carbide on the surfaces

of titanium or zirconium getters in alkali metal systems has been found to reduce the

efficiency of the getter for the removal of oxygen.
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I 3.8.3.1.3. Nitrogen, Nitrogen contamination in the alkali metals can also lead to

reduction of getter efficiency for oxygen removal by the formation of nitrides On

titanium and zirconium surfaces. Nitrogen can lead to embrittlement of various

metals. Sodium and potassium do not normally dissolve nitrogen to any great extent;

however, lithium does.

I
I

I

3.8.3.1.4. Hydrogen. The presence of hydrogen in alkali metals can lead to hydrogen

embrittlement_ especially of refractory metals. However, the test temperatures of

systems constructed of these materials generally exceed the decomposition temperatures

of the hydrides of most materials and the hydrogen diffuses out of the system_:soit

is generally not a problem.

3.8.3.1.5. Calcium. The presence of calcium in alkali metals has been associated

with nitrogen transfer and has lead to a less than 50 ppm specification on Reactor

Grade Sodium.

I
I

I

I
I

3.8.3.1.6. Metals. The presence of other metals as contaminants in the alkali

metals is generally associated with the presence of oxygen. Since these oxides are

not detected by the usual analytical methods for oxygen in the _lkali metais and

since they may cause oxygen transfer or plugging it is necessary to analyze the alkali

metals for other metals.

3.8.3.2. Purification Efficiency. Monitoring the impurity levels before and after

purification operations_ such as cold trapping or hot trapping_ will indicate how

effective the purification step was_ and thus provide the operator with information

which is of value in determining whether the cold trap or hot trap is saturated_ or

whether the temperatures or flow rates through these devices shouldbe altered.

3.8.4. Monitoring Procedures. The specific procedure by which the impurity levels

of the alkali metal(s) in a particular system will be monitored is the responsibility

of the Program Manager; however_ it will be necessary to comply with the following

essential requirements.

I

I

I

I
I
1

3.8.4.1. Lithium; Sodium; Potassium; and NaK

a. Analyze the as-received metal_ before transfer to the system_ for oxygen

and metallic impurities_ and carbon also when it is of particular concern. Lithium

must also be analyzed for nitrogen in addition to oxygen and metallic impurities.

If it does not meet the quality specification_ it must be purified or replaced.

b. If the alkali metal must be purified_ it must be re-analyzed afterward.

c. When a system is capable of being flushed prior to operation it should be

flushed and the alkali metal re-analyzed for oxygen and metallics; and repurified

or replaced if necessary. This process of flushing_ purification and analysis must

be continued until the impurity levels of the alkali metal fall below the maximum

limits specified. Lithium must also be analyzed for nitrogen.

d. Whenever_ an accident occurs or components are changed in a way which could

possibly lead to the exposure of the alkali metal to the atmosphere or other contaml-

nants_ the alkali metal must be re-analyzed and repurified or replaced if necessary.

e. In the case of systems where the exposure of the alkali metal to oil or

other contaminants is possible_ analyses should always be made for this contaminant

also.
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f. The alkali metals used in working systems, such as heat transfer, turbine,

and bearing and seal test rig loops should be analyzed periodically for oxygen and

metallic impurities, and in the case of lithium for nitrogen. Such periodic analyses

will generally be performed between testing periods. They will provide information

on the condition of the loop such as excessive corrosion and leakage between primary

and secondary circuits. Continuous oxygen monitoring devices such as plugging meters

may be used when required for a particular facility.

3.8.4.2. Rubidium and Cesium. If rubidium and cesium are used in loop systems, the

same monitoring procedures should be used as for the other alkali metals (see previous

section). However, when they are used in such devices as ion engines, it is generally

impractical to analyze the metal after its introduction to the feed system, but its

purity should be established prior to the introduction. Historically, the vendor's

there is •analysis has been accepted and this practice will be continued except when
4

some reason to suspect that the alkali metal has been contaminated. If it is discovered

that contaminants which would be deleterious to the engine or the feed system are

present, the metal should be purified or replaced.

3.8.4.3. Static Systems. Static systems include such devices as capsules, wick

boilers, the alkali metal wetting study apparatus, etc. The purity of alkali metals

used in such systems must be established before introduction to the device. When

an inert gas chamber or vacuum chamber is used during the transfer of the metal, a

sample should be obtained in the chamber during the transfer, under conditions which

are as similar to the transfer conditions as is practical. The sample container

should be sealed in the chamber and the sample analyzed to determine the quality of

the metal placed in the device.

3.8.5. Maximum Allowable Impurity Concentrations. Several programs use alkali

metals which are specially purified, for which the purity requirement is extremely

high and for which special purification and purity specifications have been written.

All other programs should maintain the purity of the alkali metals in use so that they

comply with the following specifications.

3.8.5.1. Lithium. Specification 01-O030-O0-A High Purity Lithium Metal, Table I.

3.8.5.2. Sodium. Specification 01-0032-00-B, Hot Trapped Reactor Grade Sodium

Metal, except that the maximum allowable concentration for oxygen and carbon will

be 50 ppm each.

3.8.5.3. Potassium. Specification 01-0034-00-B, Hot Trapped High Purity Grade

Potassium Metal, except that the maximum allowable concentration for oxygen and

carbon will be 50 ppm each.

I
i
I
I

I
I
I

I
I
I

i

I
3.8.5.3. Eutectic Nak. Specification 01-O050-O0-A Hot Trapped High Purity Grade

Eutectic NaK except that the maximum allowable concentration for oxygen and carbon

will be 50 ppm each.

3.8.5.4. Rubidium. Specification 01_O051-O0-A High Purity Grade Rubidium Metal.

3.8.5.5. Cesium. Specification Oi-0052-O0.-A, High Purity Grade Cesium Metal.
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3.9.1. Definition. Handling, as used in this specification, refers to the methods

and techniques used to transfer alkali metals from one container_ apparatus or device

to another and to determine the quantity transferred.

3.9.2. Purpose. The purpose of this section is to describe methods by which alkali

metals may be transferred from one container to another with a minimum of contamina _

tion, and the ways in which the quantity transferred may be determined. It is not
the intention to limit the methods used solely to those described here 3 but instead

to provide those involved with alkali metals with several procedures which can serve

as guides.

3.9,3. Transfer Methods

i

I

I

I
|
I

I

I

I
I
I
|

3.9.3.1. Transfer in Air. It is sometimes desirable to transfer small quantities of

solid alkali metal at low temperatures without resorting to complex handling systems.

This can be done by using an inert cover liquid of high purity which does not

dissolve appreciable quantities of atmospheric constituents such as nitrogen_ oxygen,

carbon dioxide and water vapor. Hydrocarbon liquids such as high purity mineral

oil or spectrographic grade hexane are generally used for this purpose. When the

proper care is exercised, it is possible to handle alkali metals for brief periods

under such liquids without excessive contamination. Care should be taken that these

flammable liquids do not catch fire. Also, alkali metals which may be coated with

peroxides or superoxides must not be placed in such solvents since they may react

violently with such active oxides.

This technique is not recommended for use with liquid alkali metals. Also, it should

be remembered that lithium is less dense than the hydrocarbon liquids and so will

float.

3.9.3.2. Transfer in Inert Gas and Vacuum Chambers

3.9.3.2.I,. Inert Gas. Inert gas chambers or glove boxes are often used to facilitate

the transfer of both liquid and solid alkali metals. If it is important not to contami-

nate the alkali metal, it is generally concluded that the inert gas should contain

no more than 1 molar ppm of any particular active impurity, and that even then the

exposure time should not exceed a few hours. It is not adequate to put high purity

gas in the chamber and use it statically because outgassing of the chamber walls and

diffusion of the atmosphere through the gloves contaminates the gas to unacceptable

levels within a few minutes. A continuous purification system should be used through

which the gas is recirculated at a rate which has been proved to be rapid enough to

maintain the gas at the acceptable impurity level.

3.9.3.2.2. Vacuum. Alkali metals may be transferred in a vacuum chamber using remote

handling techniques at pressures up to 10 -5 torr provided the exposure time is not too

long. Capsule filling operations which required less than two hours at about 10 -5

torr have resulted in oxygen contamination to the extent of 5 to I0 ppm on occasion.

-5 -2
A pressure of i0 tort is equivalent to an inert gas containing about i0 molar ppm

of impurities. The reason that one can use an inert gas of much greater impurity

level is thatthe rate of contamination is slowed because it is necessary for the

impurities to diffuse to the surface of the alkali metal.
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3.9.3.3. Transfer Using Inert Gas Pressure. This is the most used method for trans-

ferring liquid alkali metals. The technique is, in essence_ that of pushing the

liquid metal from one container to another through a connecting pipe. Usually the

empty container is evacuaed while the full container is pressurized to a few psig.

Containers, valves and piping must be fabricated of corrosion resistant materia_

such as stainless steel_ columbium 3 tantalum_ etc. Valves should be of the bellows

sealed, packless type; and if disconnects are to be made after the passage of alkali

metall through them, they should have an angle pattern and should be oriented so that

they may be cleaned back to the valve seat using the procedure described in paragraph

3.10.1 of this specification.

For critical applications where the highest purity is required, all parts of the

system must be carefully cleaned by degreasing_ pickling_ rinsing with distilled

water and drying under conditions which do not recontaminate the component prior to

assembly. The components must be connected using approved welding techniques such as

those described in Specifications 03-0005-00-A and 03-O014-O0-Aj or connecting joints

which will meet the critical leak specification of less than 5 x 10 -10 std. cc of air

per second at the intended use temperature. After assembly_ the complete system

should be evacuated_ baked out at a temperature above the intended use temperature

until thepressure rise rate is less than 0.1 micron-liter of gas per gram of alkali

metal to be transferred over the anticipated transfer time. The entire system

should then be helium leal-checked according to Specification 03-0013-00-A.

A schematic of a generalized alkali metal transfer system for high purity alkali

metal is shown in Figure 3.9.3.1. Valves 5_ 6 and i0 are angle pattern bellows

sealed valves oriented so that they may be easily cleaned back to the seat after

contamination with alkali metal. All other valves_ except valve i_ are also bellows

sealed valves. The pressure relief valve provides protection against inadvertent

overpressurization. The molecular sieve trap prevents contamination of the system by

back diffusing of oil vapor. It should be baked out under vacuum with valve 8 closed

before use. Valve i0 permits the transfer line between valves 5 and 6 to be evacuated

and leak checked when the empty container has been used previously and may contain

some alkali metal. Valve ii permits leak checking of the system and m_y also be used

to evacuate the transfer line between valves 5 and 6 through valve I0. The vacuum

gauges should be compatible with the ultimate vacuum and pressure rise rate desired.

Obviously_ they should be ionization gauges, trigger discharge gauges or equivalent

if a diffusion pump or getter-ion pump is used and should be backed up with a thermo-

couple gauge for measuring higher pressures.

The procedures to be used are given in the following paragraphs.

3.9.3.3.1. Leak Checking. Connec_ a mass spectrometer helium leak detector of

adequate sensitivity to valve II_ close valve ii and leak check the connection

according to Specification 03-0013-00-A (Critical Applications). If the empty

container is clean, open all valves except 1, 3_ 5, 9 and i0, heat all components to

between 200 ° and 250_C, evacuate and leak check according to Specification 03-0013-00-A

(Critical Applications). Close valve 11 tightly and disconnect the leak detector.

Valves such as 10 and 11 which may not be leak checked across the seat should be

tested before use_ while closed and_ ideally, should be back filled with argon and

capped after disconnecting the leak detector.

i

l
I
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3.9.3.3.2. Out_assing. Connect valves 10 and 11 and open all valves except 1, 3 and

5. Evacuate through valve 9. Heat all components except valves 1 and 9, the pressure |
regulator, the pressure relief valve, the molecular sieve trap and the full container

to between 200 ° and 250°C. When pressure has dropped to about 1 micron, close valve 8

and bake out the trap. Cool the trap, open valve 8 and continue bakeout and evacuation •

until the pressure rise rate, measured with valve 8 closed, is below the maximum allow-

able rate. Close valve 8, bake out the trap and close valve 9.

|
3.9.3.3.3. Transfer of Metal, At this point it is assumed that the entire system
has been evacuated except for the full container which is presumed to be under a few

psig of argon. Heat the full container, the empty container and the transfer line, I
including valves 5, 6 and 10 to the transfer temperature. Usually the transfer tem- •

perature should exceed the melting point of the alkali metal by about 50°F.
III

Close valves 7, 10 and 11, make sure that valve 8 is also closed, and remove the

connection between valves 10 and 11. Valves 3 and 5 are already closed. Close the

pressure regulator valve and open valve 1, then set the pressure regulator to give a

system pressure of about 25 psia; then open valve 3. This will provide a pressure

in the full tank of about 25 psia. If the pressure is too high, bleed down through

valve 11 to the atmosphere, or through valves 8 and 9 by using the vacuum system fore-

pump.

Close valve 2, then open valve 5 and transfer the desired quantity of alkali metal to

the empty container and close valves 5 and 6.

Close the pressure regulator valve and open valves 2 and 7; then open the pressure

regulator valve and pressurize both containers to a few psig; then close valves 3, 4,

5, 6, and 7. Cool to room temperature.

Disconnect above valves 5, 6 and 7. Clean valves 5, 6 and 10 immediately according to
paragraph 3.10.1 of this specification. The reasons that the valves should be

cleaned immediately is that the process is easier before the alkali metal becomes

oxidized and that_eroxl_es can form if exposed for long periods. The presence of
peroxides is dangerous because they may react explosively with the underlying alkali

metal or with the hexane and alcohol used during the cleaning operation.

It is generally easier to discard the transfer line_ however, it must l be _cl_aned'by

using one blf the methods described in paragraph 3.10.2. of th_s.speci_ieat_on;': _ _:: :

CAUTION: If cesium, rubidium or an alloy like NaK which is liquid at room temperature

is involved, the transfer line must be cleared before disconnecting it from the con-

tainers. Liquid alkali metals almost always catch fire when exposed to the atmosphere.

The heat of reaction of cesium and rubidium with air is usually sufficient to liquify
them.

The transfer line may be cleared by evacuating both tanks with valves 3 and 7 open

and valves 5 and 6 closed, then closing valves 3 and 7 and blowing down with argon

through valves 10 and 11 to clear valvesi_5 and.6.

3.9.4. Determination of _uantities Transferred

3.9.4.1. Transfers in Air. Rough determinations may be made of the quantity

transferred using the inert liquid cover transfer method by weighing the receptacles

before and after the transfer; however, an error is involved since the weight of the
liquid adhering to the metal remains unknown. Where the surface area to volume ratio

is small th_s error may be insignificant.
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When this method is involved during the chemical analytical techniques, it is

generally possible to determine the sample weight chemically.

3.9.4.2. Transfers in Inert Gas and Vacuum Chamber_. When making transfers of
alkali metals in inert gas and vacuum chambers the quantity transferred may be

determined gravlmetrically with a balance for solids and ltquids_ or volumetrically

with a burette_ hypodermic syringe, volumetric flask_ graduated cylinder or some
other volumetric device for liquids.

3.9.4.3. Transfers Usin_ Inert Gas Pressure. A number of methods are available for

determining the quantity of alkali metal transferred. They are indicated in the

following paragrahs.

!
I

1
I

3.9.4.3.1. Gravimetric. Referring again to Figure 3.9.3.1._,pi_her::the_ullLbr_::

empty container may be weighed during the transfer operation by placing it on a
scale. When this is done the transfer line should be flexible enough to permit the

container to move without restraint.

Either container may be weighed before and after the transfer. In this case, one of
the volumetric methods described in the next section should be used to estimate the

quantity transferred during the transfer operation.

3.9.4.3.2. Volumetrlc. In all but one of the followlng methods 3 it is essentlal to

know the change in internal volume as a function of height for the partlcular container

involved. If it is necessary to know the mass transferred; then the temperature and

the change in density with temperature must also be known.

I

i
I

I

I
I

I

I

3.9.4.3.2.1. Thermal Gradient Method. This is the simplest of the methods to be

described. It consists of determining the vertical thermal gradient of some part of

the container w_ich is in contact with the alkali metal and through which heat may be

transferred to the environment. Generally this is a thermowell such as is shown in

• Figure 3.9.3.1. A thermocouple is inserted into the thermowell and a temperature

versus depth profile is developed. This profile will show a different rate of change

of temperature with depth above and below the alkali metal surface and the point of

intersection of the projections of these two lines defines the alkali metal surface.

This method is not applicable when the temperature difference between the &lkalt
metal and t_e environment is less than about 200°F because the difference in the

thermal gradients above and below the surface is not sufficiently great to give a

sharp indication of the point of intersection.

3.9.4.3.2.2. Thermal Conduction Methods. This method is simple and is almost uni-

versally applicable. It consists of determining the point on some component of the

container, which is in contact with both the alkali metal and the space above it, at
which the thermal conduction through the wall of the component changes abruptly. For

example_ if a pipe which is partially filled with alkali metal is heated (preferably
in the dark) in the vicinity of the alkali metal-free space interface it will become

red hot opposite the free space first and the interface will be indicated by a sharp

change between red hot and dark on the pipe wall. The same method may be applied to
the outer wall of most containers. 0bviously_ the method fails when temperature

equilibrium is reached and the system is isothermal.
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Another method consists of inserting a small heater or cooler into a well which

penetrates the alkali metal surface. A thermocouple is attached to the heater or
cooler and makes sliding contact with the well wall. A temperature versus depth

profile is developed and the liquid metal surface is defined as the point at which

the rate of change of the slope of this curve is a maximum.

Still another method consists of sliding a thermowell containing a thermocQuple

through a double O-ring sealed feedthrough until contact with liquid is indicated by

an abrupt change in temperature. This method is only applicable when an appreciable

temperature difference exists between the alkali metal and the environment. It is

not recommended for extremely high purity applications.

3.9.4.3.2.3. Electrical Contact Method. This method consists of inserting an

electrically conducting probe through a sliding seal which electrically insulates the

probe from the metal container until contact with the metal surface is indicated by
the fact that the resistance between the probe and container suddenly drops from a

very high value to a negligible value. The make point gives a more accurate determi-
nation of the level than the break point because surface forces cause the liquid

metal to cling to the probe and form a conducting path even after the probe tip is

above the liquid metal surface. Double O-ring seals have been used successfully for

the insulating sliding seal; however, they are not recommended where the highest

purity must be maintained. Stainless steel bellows_ of the type used in ultrahigh
vacuum valves could be used in high purity systems. The probe, in this case_ would

be an extension of a high vacuum_ ceramic to metal electrical feedthrough. The

bellows must be long enough to provide a distance between minimum and maximum exten-

sion which is equal to the maximum level change of interest. Also, the bellows should

be given adequate support to prevent over-extension or inadvertent contraction during

pressure changes in the container; e.g._ a screw drive could be used. Th_s method is
not applicable when alkali metals may deposit on the insulating region, causing a

short.

3.9.4.3.2.4. Electrical Resistance Methods. These methods are based on the change

in electrical resistance of some conductor, which penetrates the surface of the liquid

metal, as liquid level changes cause more or less of the conductor length to be out
of contact with the metal; i.e., a change in resistance as more or less of the con-

ductor is shorted out through the liquid metal to the container. The simplest

method consists of measuring the resistance between the metal container and a wire

which enters the container through a seal which insulates it from the container. The

wire must be long enough to reach a point just above the bottom of the container.

Raising or lowering the liquid metal level will then result in a corresponding change

in the exposed length of the wire which will, in turn, produce a change in resistance.

This technique has three serious disadvantages. The first is that incorporation of

a ceramic or glass to metal _eal in an alkali metal system limits the operating _:

temperature and pressure because the insulating region may either react with the metal
vapors or be rendered conducting by metal deposits. Second, such insulating seals

are fragile and may be broken during operation thus exposing the metal to the atmos-

phere. Third, ideally_ the wire should be of small diameter to give a large resistance
per unit length; however_ the metal may wet the wire and the conduction of the surface

layer of liquid metal may have a significant_ but unknown, effect on the measured

resistance.

3.9.4.3.2.4.1. "J" Type Liquid Level Probe. The disadvantages indicated above
which are due to the use of an insulating seal are avoided by the use of the "J"

type probe.
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3.9.4.3.2.4.1.1. Description and Method of Use.
system consists of three individual components:

a. Probe

b. Control and Monitoring Circuitry

c. Constant Voltage D,C. iPower_Supply

The complete level measuring

A drawing of the probe and a simplified electrical schematic is shown in Figure 3,9.4.1.

The probe consists of three concentric conductors separated by ceramic insulating

material except at the end which is exposed to liquid metal. At this end, all conduc-

tors are welded together in a fashion which completely eliminates exposure of the

interior of the probe to liquid metal or to metal vapors. All layers are swaged

(before welding the end) to give a tight_ evenly supported and easily bendable probe
length. After welding the end, the tube package is bent in the form of a "J" and

welded into a flange which can be welded directly into the liquid metal container.

I

I •

I
I

!
I

I
I

Copper leads are attached to the individual conductors at the exposed end,and connec-
tions between these leads and the control circuits are made with a total of nine

individual conductors as shown in Figure 3.9.4.2.

Current is made to flow through the center tube (Figure 3.9.4.1.) and it passes

through the welded tip into the outer tube (sheath) and ifhent_ro_gh t_e_trte_t-ubd_:

into the liquid metal which shorts that part of the tube which is submerged.

The IR drop across the sheath is measured and is proportional to the height of the

liquid. The center conductor is used as a voltage lead and carries no current. The
probe sheath and center conductor are set up in a bridge circuit so that the tempera-

ture-resisivity effects are self compensating. Figure 3.9.4.2. shows the circuit as

it actually exists.

A constant D.C. voltage is maintained across points A and B by the power supply, so

that the output voltage is proportional only to the height of liquid metal. The

output voltage must be measured by a high impedance/nullbalance instrument to mini-

mize or preferrably eliminate loading effects.

The control and monitoring Circuit contains a 500-ohm, lO-turn potentlometer which

may be used to adjust the signal level. It also contains terminal strips for access

to output and input signals.

The _.C. power supply (a Harrison Lab Model 802B has been used) provides excellent

load regulation at low voltage and has provision for remote sensing which is neces-

sary to eliminate effects of lead wire voltage drops on voltage across the probe.

I

I

I
I

3.9.4.3.2.4.1.2. Interconnecting Wiring. Figure 3.9.4.3. shows the recommended

wiring between the probe, the control circuit and the power supply. It is essential
that all i_ires to be connected to the probe be grouped together and soldered to the

copper leads at the exposed end of the probe at one location. Other types of config-

urations can be used, but temperature compensation may suffer.

3.9.4.3.2.4.1.3. Calibration. It must be realized that this type of level measuring
system is not able to define an absolute level, but will provide a repeatable indica-

tion of change in level. Therefore, the probe must be calibrated in place after an
initial soaking period at temperatures high enough to insure complete wetting.
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Figure 3.9:4.3. "J" Type Liquid Metal LevelProbe - Electrical Schematic.
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The quantity which changes as the level is varied iS the effective resistance of the

probe sheath as it is shunted by the liquid metal. The calculated resistance of the
sheath at 1000°F is 0.000787 ohm per inch of length for the configuration shown in

Figure 3.9.4.1. when fabricated from :L-605 _ alloy. Using maximum current of

(for the 802B power supply) 1.5amp_ gives a theoretical sensitivity of 1.18 milli-
volts per inch change in level. There are a number of factors which tend to decrease

this sensitivity and the following procedure will give:an average sensitiv_ty over

the length of the probe.

a. After all connections have been made and the probe has been soaked at

temperature to insure wettingj adjust the current by means of the power supply

controls to 1.4 fimps: with the tank full of liquid metal (probe completely submerged).

NOTE: The values given below are valid for a 1.4_mp , D.C. current through the probe.
They will change if the probe current is increased by means of a bigger power supply.

b. Measure the input voltage at the control box terminals. This value will be

approximately 100 millivolts.

c. Adjust the output voltage to a convenient _leve_:.(ap_0xima_eI_;'l_O'_I_lvolts)

with the lO-turn potentiometer.

d. Lower the level in the tank until a sharp change in output voltage is

noted. This occurs when the level drops beneath the bottom of theprobe and the

current path is doubled.

e. Raise the level in the tank until the liquid metal just touches the bottom

of the probe. The output voltage at this point should be measured after the input

voltage has been checked and adjusted to the original value_if necessary,using the

power supply controls.

f. The change in voltage over the active length of the probe has now been
determined, This should be linear.

g. It is possible to perform this operation in reverse order_rt_:_it_:;.

the liquid metal in contact with the bottom of the probe. However_ initial current

setting should be somewhat less than 1.4a_nrr_,: since it will increase slightly as

the level is raise_ and it is important that the 1.5-_an_prating of the power supply
not be exceeded.

Theoretically_ the only requirement for complete temperature compensation is that

there be no temperature gradient across the cross section of the probe. Axial

gradients along the probe are not harmful. Howeverj due to the low level of signals_
there are several factors which can cause shifts in output with temperatureo Most

prominent of these; are thermoelectric emfs between copper and L,605junctions:

and liquid metal.

During operation it is necessary to adjust the probe input voltage from time to

time to compensate for long term drift characteristics of the power supply. The
entire circuit is based on maintaining a constant input voltage at the probe and any

change in this voltage is reflected in the output signal.

For purposes of emphasis_ it is necessary to measure all voltages with null balance

or high impedance instruments to avoid loading effects on the circuit.

The sensitivity is directly proportional to the current through the probe and may be

increased many times by using a bigger power supply. The only limit to the current

through the probe is the heating of the probe elements. It is estimated that this
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would be insignificant up to 50 :amirs for the configuration shown in Figure 3.9.4.1. m

It is also possible to use an A.C. power supply, but practical types of read-out |
instruments would not be as accurate.

Electrical Induction Methods. The coefficient of self-inductance or I3.9.4.3.2.5.

simply the self-inductance, L, of a solenoid is a function of the relative permeability,
I

Km, of its environment. Km =_o ' where_ and /4o are the magnetic permeabillties of

a material and a vacuum respectively. Consequently, when the environment of a

solenoid is changed its self inductance will change. For example, if a small solenoid

is placed inside a metal tube which penetrates a liquid metal surface and its self-
induction is measured as a function of depth of insertion into the tube, it will be

noted that a change in self-induction takes place as the solenoid moves pastthe

liquid metal - free space interface. Such probes must be calibrated in actual liquid
metal systems. Furthermore, the tube must be fabricated from a material which is

diamagnetic or paramagnetic not ferromagnetic; and if a paramagnetic material is used

its magnetic susceptibility should be lower than that of the alkali metal if possible.

Certain manufacturers market liquid metal level indicators which make use of this

phenomenon. Mine Safety Appliance Research, Callery, Pennsylvania is one such
manufacturer.

3.9.4.3.2.6. Radiation Methods. Beams of gamma rays are attenuated when they pass

through material objects,and the amount of attenuation depends directly on the path

length and the density of the material. If a radiation source is placed on one side

of a liquid metal container and a radiation detector on the other side, the radiation
which reaches the detector will be less when the container is full than when it is

empty, and with properly positioned detectors it is possible to determine the location

of the liquid metal surface.

I

I
I

I
I
I

I
Certain manufacturers market liquid level indicators which are based on this concept.

One such manufacturer is The Ohmart Corporation, Cincinnati, Ohio.

3.9.4.3.2.7. Pressure-Volume Method. This method makes use of the ideal gas law,

PV = nRT, to calculate a change in volume by determining a change in pressure. For

example, if Pl and V 1 represent the pressure and volume respectively of the gas in

a container held at constant temperature and P2 and V 2 represent the pressure and

volume after the container is partially filled with a liquid without removing "any of

the gas, then nRT is constant and PlVl = F2V2 • It is then possible to calculate V2

if PI' Vl and P2 are known. The change in volume of the alkali metal in the

container is V 2 - Vl. Referring to Figure 3.9.3.1., assume that the empty container

is partially or completely evacuated after which valve 7 has been closed. Also,

assume that the full container has been pressurized to Pl as indicated on the absolute

pressure gauge and that valves 2 and 11 are closed. The initial volume, Vl, is the

free volume in the full container, Vcl, plus the volume of the gas manifold between

plus the volume of the pressure gauge, i.e., V 1valves 2, ii and 7, Vgm, Vpg;, =

After some liquid metal has been transferred to the empty container
Vcl + V + V .gm pg

via valves 5 and 6, the pressure in the full container will be P2 and the free volume
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of this container will now be Vc2 and V2 = Vc2 + V + V . If the gas manifold andgm pg

full container temperatures are equal and did not change during the transfer, then

PlfVcl_ + V + V ) = P2(Vc2 + Vg m + V ) (i)gm pg pg

Since V and V are both constant, let
gm pg

V +V =K
gm pg

Then

PI(Vcl + K) = P2(Vc2 + K)

and

PlVcl (PI - P2 )K

Vc2 = P2 + P2
(2)

Obviously, if K is small with respect to Vcl and Vc2 , the second term on the right

Of the equation (2) may be neglected. Also, if K is small, the temperature of the

inert gas manifold and valves need not be exactly the same as that of the full
container.

The same method may, of course, be used to find the quantity of alkali metal added

to the empty container.

This is the only volumetric method described which does not depend on a knowledge

of the variation of volume with depth for the particular container used in order to
calculate the volume of metal transferred.

It should be pointed out that this method may be used to find the free volume in

any container. It is only necessary to allow the gas from a known volume to expand

into the evacuated unknown volume. The two volumes should be comparable in size

for the greatest accuracy.

3.9.4.3.2.8. Measured Volume Method. This method consists of equipping the transfer

system with a tank (between valves) which has an accurately known volume, and from

which the alkali metal may be displaced completely. This arrangement permits a known

volume to be transferred from the tank to the facility. Gas pressure or gravity may

be used to effect the transfer.
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3.10. Miscellaneous Operations

3.10.1. Valve Cleaning Procedure. The Hoke HY473A valve is designed to permit complete I

removal of all alkali metal downstream from the valve seat. The location where the valve

is cleaned will be free of water and moist surfaces. The cleaning procedure normally I

used for solids is as follows: i

a. The person cleaning the valve should wear protective clothing, safety glasses,

face shield and gloves. The valve MUST be cleaned immediately after use. Do not look a

into the valve at any time unless protected by a face shield and safety glasses. |
b. Using a clean, dry drill bit of the largest diameter which will fit the access

tube, remove the bulk of the alkali metal by drilling carefully down to the valve seat

by hand. Remove the drill bit from the valve and scrape the metal off of the drill with |
a screwdriver or spatula (for example) before proceeding further.

c. Remove the metal from the fitting on top of the valve as completely as pos-

sible, using a screwdriver or spatula. If the alkali metal starts burning during steps |
a through c, let it burn itself out.

d Fill the valve with practical grade hexane if--and only if--the valve is cool •

and there is no evidence that residual alkali metal is burning. |

If a fire should develop during steps d through g, extinguish with a CO 2 fire extinguishe;_

CAUTION: Do not use a CO 2 fire extinguisher to extinguish alkali metal fires. In steps |
d through g, the fire will be due to hexane and alcohol which have been ignited by the

reaction of the alcohol with very small quantities of residual alkali metal. Throwing

sand on such a fire may cause splattering of the flaming hexane-alcohol mixture.

CAUTION: Do not leave bottles of hexane, alcohol or CO 2 fire extinguishers in an area

where there is the possibility of an alkali metal fire. For example, do not leave

the hexane and alcohol where the valve is. Also, only small quantities of hexane and

alcohol are required. About 100 ml of each in separate, LABELED, polyethylene squeeze

bottles should be sufficient. Larger quantities should be stored in an area which is

cool and free of fire hazards.

Those portions of the cleaning operation which result in the generation of hydrogen

by the reaction of ethanol with the alkali metal will be performed in an exhaust hood

or other well-ventilated area to avoid accumulation of explosive mixtures of air and

hydrogen.

e. Add ethanol to the hexane drop by drop until the hydrogen evolution becomes

reasonably vigorous. As the hexane evaporates, add more hexane and alcohol to keep

the valve full. Continue adding alcohol until no bubbling is observed in the solution.

f. Remove the hexane-alcohol-ethoxide solution and add fresh hexane and alcohol

to the valve. If bubbling occurs, continue adding alcohol until all alkali metal is

reacted.

g. Remove the solution from the valve:again; an eyedropper is normally used " Add i _

pure alcohol to the valve CAUTIONSLY. Swab the valve interior with cheesecloth until

the alcohol and all solid material are removed.

h. Finally, add water to the valve when assured that no free metal remains.

Add a few drops of 0.1-1.0 N HC1 to the water to neutralize any basic solution.

i. Remove the acid solution from the valve and dry the valve thoroughly.

The cleaning procedure for liquid alkali metals is essentially the same except that the

liquid may be poured out or sucked out of the valve rather than drilled out. Moreover,

it is the general practice to drain or blow down such valves before disconnecting them

from the system. -402-
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3.10.2. General Decontamination and Cleaning Procedures

3.10.2.1. Alkali Metal Containers. Containers such as shipping containers, hot traps,

surge tanks, charge pots_ still pots and receivers_ etc. which contain alkali metals
which must be removed may be cleaned by first transferring the bulk of the alkali

metal to a disposal drum or shipping container, using one of the techniques described

in paragraph 3.9 of this specification, then cutting the container open and completing

the cleaning by using one of the following methods.

3.10.2.1.1. Steam Cleaning. This is the fastest method of getting rid of residual

alkali metals. It consists of placing the component in a specially constructed room,

usually called a "burn room"_ and then spraying the interior of the component with

high pressure steam. The steam reacts with the alkali metal yielding the hydroxide

and hydrogen. After conversion, the hydroxide is washed away with water. The air flow

through the room is high enough to prevent the overall hydrogen-air ratio from eaching

the explosion limits, although locally one may have hydrogen fires or small explosions.

This method is not recommended for delicate parts which may be damaged by the high

local temperatures which may develop. Furthermore, it is not generally recommended

for metals, such as columbium, which may become hydrogen embrittled; however, if the
part is massive enough and the quantity of alkalimetal is relatively small, the

hydrogen uptake may be insignificant during the short time required for the cleaning

operation. Appropriate protective clothing should be worn when applying this method.

Stainless steels are subject to stress corrosion cracking when the steam temperature
exceeds 150_F.

3.10.2.1.2. Reaction with Alcohols. Residual alkali metals may be removed from

containers using alcohols such as_ethanol or isopropanol. The part to be cleaned is

first filled with hexane, kerosene or some other inert solvent_ or it may be placed
in another container containing such a solvent. The alcohol is then added slowly with

agitation until all of the alkali metal has been converted to the alkoxide_. It is

preferable to perform this operation under a flowing inert gas cover to minimize the

possibility of hydrogen fires and explosions.

I When this method is used, it is essential that the alkali metal be freshly exposed
so that the surface is not covered with peroxides or superoxides. Such oxides may

react violently with organic materials such as the solvents and alcohols used.

I

I

This method permits the reaction which produces hydrogen to be controlled so that low

temperatures may be maintained. It should be remembered that lithium metal will

float on the solvents used, so it is essential that an inert cover gas be used and
that the solvent-alcohol mixture be well agitated. The alcohol is best added through

a pipe which reaches below the solvent surface in this case.

I
Fires which occur during the application of this method will generally be solvent

fires and may be extinguished with a CO2 extinguisher. CO2 should not be used on
burning alkali metals since they react to form the oxide and CO.

I

I

I

Appropriate protective clothing should be used while using this cleaning method.

3.10.2.2. Piping; Etc. Pipes_ tubes and other similar types of plumbing which
contain alkali metal should be drained as much as possible before final cleaning.

They may then be cleaned, using techniques similar to those described in paragraphs

3.10.1., 3.10.2.1.1. and 3.10.2.1.2.
_-I03-



Another techniquewhich may be used for short lengths of pipe_ elbows 2 tees_ etc.
consists of placing them inside a container which may be evacuated to low pressures g

(about 10 -5 torr) and heated to a temperature which is high enough to achieve a

reasonable evaporation rate for the alkali metal concerned. The container must con-

tain a condensing surface which operates at a temperature below the freezing point of
themetalbeing distilled. The alkali metal may then be distilled from the component |
to the condensing surface. The rate at which such distillations take place will be

dependent on the conductance of the component and the distillation system 3 and on the

of the alkali metal, ivapor pressure

3.10.2.3. Delicate Components. Delicate components should not be steam cleaned

except as described below. _ Instead_ the methods described in sections 3.10.1_ 3.10.2.1.g

and 3.10.2.2. should be used. The method selected will depend on the shape_ sizeand

materials of construction of the components. It is quite possible that for some compo-

nents none of these methods will be applicable_ and will require the development of a m
new technique. |
Certain components which permit the passage of gas through them may be cleaned by blow-

ing argon or helium through them at a rate sufficient to keep them cool. Then steam or,

water vapor may be added to the flowing gas stream at a low rate. The inert gas will g

prevent hy_oFenoa_r explosions by _llution of the hydrogen produced by the reaction

of the alkali metal with the water vapor. One disadvantage is that it is difficult
to know when all of the alkali:_metal has been converted to the hydroxide.

3.10.2.4. Vacuum and Inert Gas Chambers. Massive spills of alkali metals inside of
vacuum or inert gas chambers may bepartially cleaned up by back filling the chamber

with an inert gas_ opening the chamber and scooping up the metal and placing it in a

bucket along with dry sand_ then washing off the residual metal with water and finally

a wet cloth_ providing the residual amount is not too great.

Some largechambers have been equipped with water sprays and drains which may be used

to convert the alkali metal to the hydroxide and wash it away under a flowing inert

gas cover.

Another method which is especially useful for removing alkali metal surface deposits

consists of flowing CO2 - H20 vapor mixtures through the chamber. Reactions occur
which ultimately produce the carbonate which may be removed by washing away with
water.

In the case of chambers that may be heated_ the distillation and condensation method
described in paragraph 3.10.2.2. may be used to advantage.

I

I
I
II
I
I
I1
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3.11. Disposal

3.11.1. Disposal Methods

3.11.1.1. Small Quantities. Small quantities of alkali metal such as that remaining

in sample tubes are best disposed of by taking them to the "Burn Room" and converting

them to the hydroxide with steam. Such quantities should be kept under inert gas

cover until they can be transported to the "Burn Room".

Such quantities may also be disposed of by reaction with alcohols In an inert solvent

as described in Section 3.10.2.1.2.

3.11.1.2. Large Quantities

3.11.1.2.1. Return to Vendor. Most vendors of alkali metals will dispose of alkali

metals returned to them in shipping containers. Generally they make a small charge

per pound for this service.

3.11.1.2.2. Burning. Alkali metals may be disposed of by burning in air; however,

this requires a sizeable area far removed from human habitation, highways, etc. Such

areas are not generally available. Much caustic smoke is produced during the process

and this must be prevented from coming into contact with people, animals, houses,

machinery, streams, etc.

Smaller quantities may be burned or hydrolyzed in a "Burn Room" which is equipped with a

scrubber. The quantity disposed of during a given interval must not exceed the capaclty

of the scrubber for removing the oxide smoke prior to discharge to the atmosphere.

3.11.1.2.3. Hydrolysis. Large quantities of alkali metal may be disposed of by

reaction with water, either in an isolated body of water such as a quarry or at sea.

The method consists of opening or puncturing the container before or after throwing

it into the water. Generally, a hydrogen explosion will take place in a short time

which will tear the container to pieces, thereby bringing all of the alkali metal

into contact with the water. The container may be punctured initially after throwing

it into the water with a high-powered rifle or a small explosive charge.

Much smoke is generally produced and theexplosions are violent, so this operation

must be performed at a considerable distance from habitation, public roads_ etc. and

should only be performed by personnel who are familiar with the hazards involved.

3.11.1.3. Reaction of Alkali Metals with the Atmosphere. Although alkali metals

which are exposed to the atmosphere for long perlods will eventually be converted

to oxides, hydroxides and carbonates, this is not an approved method for their dis-

posal. The reason for this is that most of the alkali metals become covered with

peroxides and superoxides. Subsequent handllng may bring these higher oxidesinto

contact with the underlying unreacted metal at which time an explosion may take place.
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Lo00 J,
4. QUALITY ASSURANCE PROVISIONS. Quality assurance for alkali metals is covered

in the individual procurement specifications. These are listed in paragraph 2.2.

of this Specification. (Also see paragraph 3.2. of this Specification.)

5. PREPARATION FOR DELIVERY. The preparation for delivery requirements for the

alkali metals_Vcovered by the individual procurement specifications.

6. NOTES. None
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APPENDIX A

ALKALI METAL SURVEILLANCE RECORD

The following form_ SP 1061_ is to be associated with each lot of alkali metal

which is purchased.
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AUTHORIZED ALKALI METAL STORAGE AND USE AREAS -

PERMISSIBLE QUANTITIES AND OPERATING CONDITIONS

The following table shows the locations where alkali metals may be used,

the maximum quantities permltte_,and the extremes of temperature and pressure

allowed in each. No other locations are authorized, except that access corridors

may be used to transport alkalilmetals if they are at room temperature.
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